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EXECUTIVE SUMMARY 

Thrs plan descnbes and estabhshes a rational program for the charactemtion of background 

geochemistry for the Rocky Flats Nuclear Weapons Plant (RFP) The plan descnbes how data 

representative of RFP background wdl be collected and analyzed usmg a number of statistical 

and geochemical techmques Background chemistry statistics wdl provide basehe data for other 

environmental programs that morutor for potential contammant releases 

The number and location of background samples has been carefully considered rn developmg the 

background geotechmcal plan Understandmg of the local hydrogeology (conceptual model) was 

paramount in design of the background charactemation program SIX media (geologic matenals, 

ground water, stream sedment, stream water, seep sedment and seep water) have been sampled 

at RFP These media can be classlfied mto groupmgs that may represent subpopulations, e g , 
geologic matenals were sampled by geologic umt Rocky Flats Alluvium, colluvium, and 

weathered bedrock A background sample made up of geochemically d~ferent subpopulations 

would result m extraneous vanabhty rn the background sample, and consequently, a poor 

charactenzation of background geochemistry and a lower statistml power to detect downgradient 

contammation Geochemical and statistical evaluation techmques are presented for determinmg 

subpopulations and the potential exlstence of downgradient contammation 
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SECTION 1 

INTRODUCTION 

1.1 PURPO SE 

The purpose of this plan is to descrrbe and estabhsh a rational program for the charactemtion 

of background geochemistry for the Rocky Flats Nuclear Weapons Plant (RFP), located 

northwest of Denver, Colorado The plan descnbes how data representative of RFP background 

will be collected and analyzed usmg a number of statistical and geochemical techmques 

Reasons for mplementmg the RFP background program are presented below 

Background chemistry statistics wdl provide basehe data for other envlronmental 
programs that momtor for potential contammant releases 

Background data may be helpful m estabhshmg reasonable cleanup goals and 
justlfymg wavers for complymg with Apphcable or Relevant and Appropnate 
Requlrements (ARAR) 

Background data wdl help Natural Resource Trustees to identrfy If a natural 
resource such as surface water has been damaged at the RFP 

Background data provide a benchmark m assessmg human health nsks due to 
contammahon at the RFP 

Background ground water data can be used to supplement well data collected 
locally upgradient of Resource Conservation and Recovery Act (RCRA) regulated 
umts at the FGP (Well chemistry data upgradient and downgradient of RCRA 
umts are regularly compared to momtor the umt for potential contammant release 
to ground water ) 

Background data wdl provide a basehe agmst whch RCRA Facllity 
Investigabon (RFI)/Comprehensive Envlronmental Response, Compensation and 
Liabhty Act (CERCLA) Remedial Invesogation (RI) results may be compared 
for identlfymg contammation at RFP operable umts (OU) 

The background program contnbutes to the geochemical charactemtion of the 
RFP site as mandated by U S Department of Energy (DOE) Order 5400 1 

The background program is a requmment of the Rocky Flats Inter-Agency 
Agreement (IAG), a legal agreement between the State of Colorado (represented 
by the Colorado Department of Health [CDW), U S Envmnmental Protection 
Agency (EPA), and DOE 
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In the context of tlus plan, "background geochemstry" is defmed as the chenustry of geologrcal 

materrals extstmg at or near RFP, whch are beheved to be un&sturbed, or (at worst) m m a l l y  
impacted by past RFP operabons The chemistry of these materrals may be d u e n c e d  by non- 

RFP anthpogemc sources such as potentnl contammahon from atmosphenc fallout, nearby 

pubhc hghways, mdustry, and agnculture 

The geologrc matenals considered m thts plan wdl lnclude ground water, surface water and 

assocnted sedments, and both consohdated and unconsohdated materrals of geologml 

sigrzlfcance at the R I T  The charactemahon of RFP background surficd sods is a major task 

whch at the tune of wntmg is expected to be treated m a separate program Therefore, surfkd 

sods wdl not be addressed m thls plan 

1.2 BACKGROUND 

The RFP is a government-owned, contractor-operated fachty, wluch is part of the nahonwide 

nuclear weapons pduchon complex The Plant was operated for the U S Atomc Energy 

Commission (AEC) from its mcephon m 1951 untd the AEC was Qssolved m January 1975 

At that tune, responsibihty for the Plant was assigned to the Energy Research and Development 

Admuusbation (ERDA), which was succeeded by the DOE m 1977 Dow Chemical U S A., 

an operatmg umt of the Dow Chemml Company, was the pnme operatmg contractor of the 

faclllty from 1951 untd June 30, 1975 Rockwell Intemahonal was the pnme contractor 

responsible for operatmg the RFP from July 1, 1975, until December 31, 1989 EG&G Rocky 

Flats, Inc became the pnme contractor at the RFP on January 1, 1990, and currently operates 

the Plant 

The pnmary mission of the RFP is to fabncate nuclear weapons components from plutomum, 

umum,  and nonradioactwe metals (pmcipally berylhum and stamless steel) Parts made at 

the Plant are shipped elsewhere for assembly In ad&tion, the Plant reprocesses components 

after they are removed from obsolete weapons for plutomum recovery 

Both rahoactwe and nonradioactwe wastes are generated m the producbon process Current 
waste handhg pmchces mvolve on-site and off-site recycling of hazardous matenals, on-site 

FINAL Febnury 1992 
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storage of hazardous and radioactive mlxed wastes, and off-site hsposal of sohd radioactive 

matenals at another DOE fachty However, both storage and disposal of hazardous and 

radioactive wastes occurred on site m the past P r e h m a r y  assessments under the 

Environmental Restoration (ER) Program identfied some of the past on-site storage and disposal 

locations as potential sources of envlronmental contammation 

1.3 PREVIOUS INVESTIGATIONS 

Vanous studies have been conducted at the Rocky Flats Plant to charactenze envlronmental 

media and to assess the extent of radiological and chemical contaminant releases to the 

environment The investigations performed pnor to 1986 are summanzed m Rockwell 

International (1986a) and include 

Detaded descnptions of the regional geology (Malde, 1955, Spencer, 1961 Scott, 
1960,1963,1965,1970,1972 and 1975, Van Horn, 1972 and 1976, DOE, 1980, 
Dames and Moore, 1981, and Robson, et al , 1981a and 1981b) 

Several d d h g  programs b e g m g  m 1960 that resulted 111 the construction of 
56 momtor wells by the end of 1982 

An mvestigabon of surface and ground water flow systems by the U S 
Geological Survey (Hurr, 1976) 

Envlronmental, ecological, and publlc health studies that culmmated m an 
envlronmental mpact statement (DOE, 1980) 

A summary report on ground water hydrology usmg data from 1960 to 1985 
(Hydro-Search, Inc , 1985) 

A prelmmary electromagnebc survey of the Plant penmeter (Hydro-Search, 
Inc , 1986) 

A sod gas survey of the Plant pemeter and buffer zone (Tracer Research, Inc , 
1986) 

Routme envlronmental momtomg programs addressmg au, surface water, ground 
water, and sods (Rockwell International, 1975 through 1986a) Additional 
mformation on routme envlronmental programs is also presented m post-1986 
annual envlronmental momtonng reports (Rockwell International, 1987ay 1989a, 
EG&G, 199Oa) 

Background Gcochmcal Charactcnzatmn Pian 
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In 1986, two major mvestigations were completed at the Plant The first was the ER Program 

Phase 1 mstallation assessment (DOE, 1986), whch mcluded analyses and idenMication of 

current operational activities, active and mactive waste sites, current and past waste management 

practices, and potential envmnmental pathways through whch contammants could be 

transported A number of sites were identlfied that could potentially have adverse mpacts on 

the envlronment These sites were designated as Sohd Waste Management Umts (SWMU) by 

Rockwell International (198%) and were divided mto three categones 

1) Hazardous waste management umts that wlll contmue to operate and need a 
RCRA operatmg permit 

2) Hazardous waste management umts that wlll be closed under RCRA mtenm 
status 

3) Inactive waste management umts that wrll be mvestigated and cleaned up under 
Section 3004(u) of RCRA or CERCLA 

The IAG (see Appendlx A) redefmed the SWMUs w i t h  the second and thud categones as 

Individual Hazardous Substance Sites @HSS) This term is used heremafter, however, no RCRA 

or CERCLA regulatory distmction m the use of the terms "site," "utut," or "MSS" is mtended 

m ths  document The locahon of the IHSSs at the RFP are shown on Plate 1 

The second major mvestigation completed at the Plant m 1986 mvolved a hydrogeologic and 

hydrochemical charactemation of the entm Plant site Plans for ths  study were presented m 
Rockwell Internabonal(1986b7 1 9 8 6 ~ ) ~  and study results were reported m Rockwell International 

(1986d) Investigation results indicated four areas to be sigmfkant contnbutors to envmnmental 

contammation, with each area c o n t g  several sites The areas are the 881 Hlllside Area, the 

903 Pad Area, the Mound Area, and the East Trenches Area 

Smce 1986 a number of studles and mvestigations of contammation at the RFP have been 

conducted In accordance with the IAG, the RFP site is divided mto 16 OUs each contamng 

multiple IHSSs The OUs have been ranked and assigned schedules for mvestigation and 

cleanup A summary of the waste disposal hstory at each OU is provided 111 Appendlx A 

Background crrochemcal Charactcnzatm Plan 
EG&G, Rocky Flats, Inc , Golden, Colorado 
cg&g\bkgd-geo\scc-1 fcb 

FINAL Fcbnraty 1992 
Page 14 



In terms of site geology, a draft Geologic 

(EG&G, 1990b) was completed m January 

Charactemabon Report for the Rocky Flats Plant 

1990 based on re-evaluaoon of log data and other 

geologic dormation 

exception of Hurr (1976) 

Thls study supersedes all previous geologic mvestigations with the 

Lastly, and of greatest relevance to ths  fmal background plan, background data for RFP has 

been collected smce 1989 rn accordance with the draft Background Hydrogeochemical 

Charactemation and Momtomg Plan (Rockwell, 1989b) The data collected m 1989 were 

compded and assessed m the Background Geochemical Charactenzation Report, Rocky Flats 

Plant, for 1989 (EG&G, 1990~) 

1.4 DATA OUALITY OKPECTIVES 

1.4.1 DO0 Develonment Process 

Data quality objectives (DQO) are quantitative and quahtative statements specfied to ensure that 

data of known and appropnate quahty are obtamed dumg RCRA and CERCLA mvestigations 

to support the selection of remedial action alternatives DQOs are determmed based on the end 

uses of the data to be collected DQOs also are developed to provide statements on the level 

of uncertamty that the DOE and the federal and state regulatory agencies are w a g  to accept 

m results denved from envmnmental data Although the term connotes quahty, DQOs also 

classlfy program objectwes These objectives for the background geochemical charactemation 

are presented in Section 1 1 

DQOs for ths  background charactemation plan have been developed through a three-stage 

process, as dustrated m Figure 1-1 The DQO process has been mtegrated with development 

of the background samplmg program as outhed m Section 3 of ths  document 

1.4.2 Stape 1 - Identification of Decision Tvpes (Obiectivesl 

Stage 1 of the DQO process is undertaken to identlfy the mdividuals responsible for decisions, 

to idenMy and mvolve data users, and to define the types (Objectives) of decisions that wlll be 

Background cltochmcal Charactcmkm Plan 
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STAGE 1 
IDENTIFY DECISION TYPES 

= Identify & Involve Data Users 
Evaluate Available Data 
Develop Conceptual Model 
Specify Objectives/Decisions 

STAGE 2 
IDENTIFY DATA USEWNEEDS 

m Identify Data Uses 
m Identify Data Types 
rn Identify Data Quality Needs 

Identify Data Quantity Needs 
Evaluate Sampling/Analysis Options 
Review PARCC Parameters 

STAGE 3 
DESIGN DATA COLLECTION PROGRAM 

Assemble Data Collection Components 
m Develop Data Collection Documentation 

Figure 1-1 DQO Three-Stage Process 



made as part of the background chamctemahon program The general decision types that have 

been idenMied early m Stage 1 wlll ensure that the mveshgative approach wdl yield data 

sufficient to support the decision 

1.4.2.1 Identification and Involvement of Data Users 

The prunary data users are those mdwiduals responsible for and mvolved m the ongomg 

environmental momtoring and RCWCERCLA inveshgahons conducted at the RFP These 

mvestigahons mclude RFI/RI planrung and mplementabon, nsk assessment Intern 

Measures/Intenm Rem& Achon (IM/IRA) plannrng and Implementahon, site-wide au, water 

and sedment quabty momtomg, and Nahonal Pollutant Dmharge Ehmahon System (NPDES) 
momtomg The background data are necessary for meanmgful mtexpretahon of site-spec& 

data collected for the above noted mveshgahons and momtomg programs 

1.4.2.2 Evaluation of Available Information 

Several studies chscussed m Section 1 3 m&cated potentdly elevated levels of mhonuchdes, 

metals, and chlomted solvents m sods and water at the site. Furthermore, smce estabhshment 

of the Plant m 1951, matenals defined as hazardous substances, pollutants, and contammants by 

CERCLA, and matenals defined as hazardous waste and hazardous conshtuents by RCRA and/or 

the Colorado Hazardous Waste Act (CHWA), are known to have been produced and dlsposed 

or released at vanous locahons at the site These data and hstoncal mformabon provide the 

rabonale for the analFcal suite estabhshed for the background program and the locabons for 
the background samphg The hydrogeologrc characternabon of the site based on these previous 

studes is the foundahon for selectmg the geologrc materials and ground waters to be sampled 

m the background program 

1.4.2.3 Conceptual Models 

A conceptual model hypothesues about the source of contammhon, 

and the potentml receptors of the contammahon. Conceptual models 

FINAL 

the pathway it may take 

have been developed for 
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many potentd sources (IHSSs) that east at the RFP They are (or wlu) be presented m the 

respectwe RFWRI Work Plans for the OUs 

The basts for these conceptual models (particularly contaminant migrabon pathways) IS the RFP 
geology, hydrogeology, and meteorology, whch is provided m Section 2 The hydmgeolopc 
conceptual model (Sechon 2.4) for the Plant site is the foundabon for the design of the 

background samphg program Background samphg locahons a~ hydrauhcally and 
meteorologically upgradient or stdegradient of all  known IHSSs 

Conceptual models wlu be tested, refined and modified throughout the background and OU 

charactemahon programs m order to adequately determme all potentd sources and migmbon 

pathways for contarmnants that emst at the RFP 

1.4.2.4 Objectives 

In general, ths  background charactemation program IS designed to charactem background 
condhons m order to deterrmne d the chemical concentrations detected at an MSS mdcate 

contammabon Secbon 1 1 defmes more speclfic objectives for the background chamctemabon 

Program 

1.4.3 Stage 2 - Identification of Data Uses/Needs 

Stage 2 of the DQO process defines data uses and specifies the types of data needed to meet the 

project objectwes The major elements of Stage 2 of the DQO process are. 

0 Identrfy data uses 

0 Identrfy data types 

0 Identrfy data quahty needs 

0 Identrfy data quanbty needs 

0 Evaluate sarnphglanalysis options 

FINAL Fcbnuy 1992 
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e Review precision, accuracy, representativeness, completeness, and comparabhty 
(PARCC) parameters 

Data uses and attendant data quahty needs have been estabhshed for the overall site and wdl be 

refined for components of mdividual RCWCERCLA phases The background characternabon 

program phase 2 of the DQO process is detaded m thls section 

1.4.3.1 Data Uses 

Background geochemical data are needed to determme whether chemical concentrations at IHSSs 

or RCRA regulated umts represent contammation Background data are used to support 

e Investigation and Charactemtion 

e fisk Assessment 

e RCRA Ground Water Moxutonng 

Each of these activities is descnbed below 

Investigation and Characterization 

Investigation and charactemtion mvolves conductmg techcal studies to mvesbgate and 

determine the nature and extent of contammation at an operable umt Contammation is defined 

as a statistically sigdicant dlfference between background and site chemical concentrations 

Therefore, background conditions must be estabhshed (Section 3) and stabstical tests performed 

(Section 4) rn order to determine the nature and extent of contammation 

Rwk Assessment 

Rsk assessment activities mvolve examrnation of the potential nsks of contammants to human 

health and/or the envlronment fisk assessments mvolve mulb-mda modehng of potenbal 

exposure routes and envlronmental pathways for contammant migration As discussed under 

Background Gcochcrmcal Chamctenzatlon Plan 
EO&O, Rocky Flats, Inc , Qoldcn, Colorado 
eg&g\bkgd-gco\acc-1 fcb 
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Invesugahon and Charactemahon, background data are necessary to determme the exlstence of 

contammhon and provide a benchmark to assess the mcremental nsk posed by the 

contammation Background data can also be used to support wavers for complymg with ARARs 

when background concentmuons exceed ARARs 

RCRA Ground Water Monitoring 

RCRA ground water momtomg mvolves p e n d c  sampling and analysis of ground water up- 

and down-gradent of RCRA regulated umts to determme comphance with RCRA ground water 

protecbon standards Site-wide ground water q d t y  data (the subject of this plan) can be used 

to determme whether upgrahent ground water may be mpacted by another IHSS. 

1.4.3.2 Data Types 

There are five classes of envmnmental measurement data needed to support the RFP 
envmnmental momtonng programs These five classes are 

a HY ~ g m l o g Y  
0 Orgamc Chermstry 

a Inorgamc (Metals) Chemistry 
0 Major Ion Chemistry 

0 Radmchemistry 

Specdlc backgroundsite data needed for each of the five classes is described m Secbon 3 of this 

plan The analpcal suites are based on the types of wastes known to have been dsposed at the 
RFP, and elements/compounds that previous data suggest are elevated in the vanous 

envrronmental medm Analpcal methods and requlred d e m o n  h t s  are also presented m 
Secuon 3 

FINAL PcbNuy 1992 
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1.4.3.3 Data Quahty 

Three factors have been considered to define the data quahty needs of ths  background 

charactemation program 

e 

e Appropnate analytical levels 

Well defined and accepted methodologies for field activities 

e Requlred detection h i t s  

The background charactemation program has been mplemented usmg state-of-the-art 

methodologies for well mstallation and samphg of geologic matenals, ground water, and 

surface water Initially, the program followed the ER Program Standard Operatmg Procedures 

(SOP) (Rockwell International, 1989c) and the ER Program Quahty Assurance/Quahty Control 

(QNQC) Plan (Rockwell International, 1989c), and currently comphes with the Envmnmental 

Management Department (EMD) SOPs (EG&G, 1991a) and the RFP Site-Wide Quahty 

Assurance Project Plan (QApIP) (EG&G, 1990d) Differences m these plans and SOPs are 

mmor and do not affect the comparabhty of "old" and "new" data 

The analytical techmques that wdl be used are identfied in Section 3 3 of ths  report To 

provide some guidehes, ths  section defmes the analytical levels and mdicates the levels 

appropnate to Merent genenc data uses. The analytical levels are defined as follows 

e LEVEL I - Field screemg or analysis usmg portable mstruments Some 
Level I methods are not compound-speclfic, others are speclfic and 
quantitative Results are quickly avadable Thls level of 
analytical techmques is the least costly of the analyhcal options 

LEVEL II - Field analyses usmg more sophsticated portable mstruments such 
as settmg up mstruments m a mobile laboratory on site There is 
a wide range m the quahty of data that can be generated Results 
can be made avadable quickly or may take several hours 

e LEVEL III - All analyses are performed m an off-site analyt~cal laboratory and 
may or may not use EPA Contract Laboratory Program (CLP) 
procedures However, Level III analyses do not usually use the 
vahdation or documentation procedures requlred of CLP Level IV 

Background Gemheuucal Charactenvrtloo Plan 
EGBrG, Rocky Flats, Inc , Golden, Colorado 
eg4g\bkgd-gedrcc-1 feb 
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analysis Level III analyses are also used for non-CLP methods 
such as radiochemistry analysis 

e LEVEL IV - CLP routme analytical services (RAS) All analyses are performed 
m an off-site CLP analytical laboratory following CLP protocols 
Level IV is characterrzed by rigorous QNQC protocols and 
documentation 

0 LEVEL V - Analysis by non-standard methods All analyses are performed m 
an off-site analytical laboratory whch may or may not be a CLP 
laboratory Method development or method modifkition may be 
requlred for speclfic constituents or detecbon h i t s  CLP special 
analytical services (SAS) are Level V. 

Risk assessment typically requlres the use of vahdatable data, i e , Level IV (and V), although 

Level ID data can be used when vedied by an adequate percentage of Level IV data The 

background and site-speclfic mvestigations use Level IV analytical techniques for CLP organics 

and inorganics, and Level III (highest level attarnable) for radiochemstry and other non-CLP 

analytes This assures adequate data quahty for nsk assessment purposes. 

The adequacy of the associated detection h i t s  are evaluated m Section 3 3 of ths document 

Adequacy is detemed based on the magnitude of the detection h u t  relative to a health-based 

acceptable concentration, i e , detection limits that signrfrcantly exceed the health based h u t s  

may not be sufficiently accurate to allow meaningful evaluation of human health risk 

1.4.3.4 Data Quantity 

The number of samples that should be collected can be determmed usmg a variety of 

approaches In situations where data are avadable, stat~stical techniques may be utilized to 

determme the requlred number of samples to meet the program objectives The sampling 

program described m S-on 3 provides samplmg numbers and locations amenable to ngorous 

statistical interpretation 

FINAL. Febn~uy 1992 
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1.4.3.5 Evaluate Sampling/Analysis 

The number and loahon of background 

Options 

samples has been carefully considered m developmg the 

background geochemical plan Understandmg of the local hydmgeology (conceptual model) was 

paramount m design of the background charactemation program The conceptual model is 

mcluded m Sectron 2 4, and the background charactemahon progmn is presented m Sectron 3 

1.4.3.6 PARCC Parameters 

The PARCC (precision, accuracy, representatweness, compambhty , and completeness) 

parameters are overall mdlcators of data quahty PARCC parameters, specfically precision and 

accuracy, are compound, medn and analfical method speclfc The specfic objechves 

assmated with each of these parameters are dependent on the mtended use(s) of the data 

For the RFP envmnmental momtonng programs, envmnmental data collected must conform 

to the followmg cntem 

1 Data must be of known and documented q d t y  

2 Data must be obmed m accordance with ngomus, documented, quahty 
assumce/qu&ty control (QNQC) cntena 

3 Data obtamed from analyses are charactenzed by low d e m o n  h u t s  and 
method-specfic d e m o n  h u t s  Where available, CLP methods and protocols 
are used Methods and asmmted detechon h u t s  are selected such that data may 
be compared with federal and state ARARs andor health-based acceptable 
concentmtrons 

4 Data are reviewed and vahdated accordrng to vahdaQon procedures prescribed by 
EPA and DOE Review and vahdation achvities are documented Data valid~ty 
has three classdkahons 1) Vahd, 2) Acceptable for Use with QuaWicahon(s), 
and 3) Rejected (Unacceptable) 

FINAL Pcbnuy 1992 
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Precision and Accuracv 

Precision and accuracy are largely dependent on the analysis methods used and the results of 

duphcate, blank, and spdce analyses Generally, only data that meet the vahdaoon cntena of 

(1) vahd or (2) acceptable wdl acheve the necessary level of precision and accuracy needed to 

aclueve envmnmental momtomg objectwes As a general rule, data vahdated as rejected 

(unacceptable) wlll not be mcluded m stat~st~cal or geochemical analyses However, rejected 

data may be used rf rejecbon is based only on the absence of quality control data, and other 

relevant vahd or acceptable data suggest thrs data is useable Nevertheless, such data pomts wdl 

be flagged as rejected whenever they are cited Data that have not yet been vahdated may be 
used on an mtenm basis, and the lack of vahdahon wdl rnhcate when they are cited 

ReDresentativeness 

The locabon and number of background samples has been carefully considered m design of the 

background characternabon program to assure the data are representatme of site conchbons 

The site conceptual model was key to assumg representatwe samphg 

Comparability 

Comparabhty is aclueved by usrng stan- methods for sample collecoon and analysis that are 

apphed for all environmental monitonng actwihes at the RFP (see Sechon 1 4 3 3) 

Comdeteness 

Completeness is detemmed by compmg the amount of usable data obtamed to the amount that 

was expected to be obtarned The objectwe for completeness is to obtam 90% vahd and 

acceptable data 

PINAL February 1992 
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I 1.4.4 Stape 3 - Desipn Data Collection Propram 

Thls background geochemical charactemtion plan represents Stage 3 of the DQO process, and 

has been undertaken to document the dewed data collecbon program Section 3 of ths 

document descnbes the data collection program for background charactemtion It presents the 

dews of the background samples to be obtamed Secbons 4 discusses geochemical and 

statistical evaluation techmques to be apphed to the data 
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SECTION 2 

PHYSICAL SETTING 

The RFP is located in northern Jefferson County, Colorado, approximately 16 miles northwest 

of Denver (Figure 2-1) Other surrounding cities include Arvada, Boulder, and Westminster, 

which are located less then 10 miles to the southeast, northwest, and east respectively The 

Plant consists of approximately 6,550 acres of federally owned land in Secbons 1 through 4 and 

9 through 15 of T2S, R70W, 6th Pnncipal Mendian Major buildings are located within the 

Plant secunty area of approximately 400 acres The secunty area is surrounded by a buffer zone 

of approximately 6,150 acres (Figure 2-2) 

The natural environment of the Plant and vicinity is influenced pnmmly by its proximity to the 

Front Range of the Rocky Mountam The Plant is directly east of the north-south trending 

Front Range, and is located about 16 miles east of the Contmental Divide at an elevation of 

approximately 6,000 feet above mean sea level The RFP is located on a broad, eastward 

sloping plan of coalescing alluvial fans developed along the Front Range The fans extend 

about 5 miles in an eastward direction from their ongin at Coal Creek Canyon and terminate on 

the east at a break in slope to low rolling hills The operational area at the Plant is located near 

the eastern edge of the fans on a terrace between stream-cut valleys (North Walnut Creek and 

Woman Creek) 

2.2 SURFACE WATER HYDROLOGY 

Three intermittent streams dram the Rocky Flats Plant with flow generally from west to east 

These dramages are Rock Creek, Walnut Creek, and Woman Creek (Figure 2-2) Rock Creek 

drams the northwestern corner of the Plant and flows northeast through the buffer zone to its off- 

site confluence with Coal Creek An east-west trending interfluve separates the Walnut and 

Woman Creek dranages North and South Walnut Creeks and an unnamed tnbutary dram the 

northern pornon of the Plant security area These three forks of Walnut Creek join in the buffer 

zone and flow toward Great Western Reservoir, which is approximately 1 mile east of the 

Background Geochmucd Charactcnzatlon P h  
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confluence However, this flow is routed around Great Western Reservoir by the Broomfield 

Diversion Canal, which is operated by the City of Broomfield Woman Creek drams the 

southern RFP buffer zone flowing eastward The Woman Creek flow is diverted on plant site 

to Mower Reservoir via the Mower Ditch The South Interceptor Ditch lies between the Plant 

and Woman Creek The South Interceptor Ditch collects runoff from the southern Plant secunty 

area and diverts it to Pond C-2 where it is treated and monitored in accordance with the Plant 

NPDES permit Treated water from Pond C-2 is then pumped to the Walnut Creek watershed 

where it is released to the Broomfield Diversion Canal 

2.3 REGIONAL AND LOCAL GEOLOGY 

Geologic units beneath the Rocky Flats Plant consist of unconsolidated surficial units of 

Quaternary age (Rocky Flats Alluvium, vmous terrace alluvia, valley fill alluvium, and 

colluvium), which unconformably overlie Cretaceous-aged bedrock (Arapahoe Formahon, 

Laramie Formation, and Fox Hills Sandstone) (Figure 2-3) This geologic sequence forms part 

of a monoclinal fold whose western edge is composed of uplifted strata of Mesozoic age that 

become younger upsection to the east Figure 2-4 presents a generalized stratigraphic section 

of the Denver Basin bedrock, and Figure 2-5 shows a stratigraphic section for the RFP including 

unconsolidated deposits Figure 2-6 shows the surficial geology of the RFP (EG&G, 1992a) 

2.3.1 Ouaternarv-Aped Alluvia 

The Quaternary alluvia along the Front Range have been correlated by their height above 

modern dramages and major streams Each height represents a stable geomorphic level in the 

Quaternary (Scott, 1965) (Figure 2-7) 

The pre-Wisconsin pediment was not a smooth plane, but rather an erosional surface that was 

cut by a well-developed network of west to east-flowing stream dramages that have probably, 

to a large part, influenced the current dramage system The pediment surface exhibits as much 

as 30 feet of relief (EG&G, 1991b) In ravines and dramages the alluvial sediment is breached 

exposing strata of the Arapahoe and Laramie Formations 

Background Geochmcal Chnractcnzauon Plan 
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The Rocky Flats Alluvium compnses the m a n  alluvial cover at RFP Vanous other surficial 

deposits occur topographically below the Rocky Flats Alluvium in the Plant dranages 

Colluvium (slope wash) mantles the valley side slopes between the Rocky Flats Alluvium and 

the valley bottoms In addition, remnants of younger terrace deposits, including the Verdos, 

Slocum, and Louviers Alluvia may occur along the valley side slopes Recent valley fill 

alluvium occurs in the active stream channels (Figure 2-7) 

The Quaternary-aged Rocky Flats Alluvium is the oldest (Nebraskan or Aftonian) and 

topographically highest alluvial deposit at the RFP (Scott, 1965) The alluvium is a senes of 

coalescing alluvial fans deposited by braided streams (Hurr, 1976) It consists of a topsoil layer 

underlam by orange to dark gray, poorly sorted cobbles, coarse gravel, coarse sand, and 

gravelly clay Generally the alluvium is coarser-grand west of the Plant and becomes finer 

graned toward the east Caliche may be present in the intershces of the alluvium in amounts 

greater than 25 percent over an interval of 1 to 2 feet ( EG&G, 1991b) Caliche is most likely 

to occur where evaporahon is high, the water table is close to the surface, the alluvial cover is 

thin, or the unconsolidated matenal is underlam by claystones and siltstones which restnct 

percolation 

Because of the uneven surface of the pediment on which the Rocky Flats Alluvium was 

deposited, the thickness of the alluvium at RFP ranges from 70 to 98 feet just west of the Plant, 

to less than 10 feet in the central portion of the Plant, and to around 45 feet just east of the Plant 

(EG&G, 1991b) The erosional surface (pediment) on which the alluvium was deposited slopes 

gently eastward truncating the Fox Hills Sandstone, the Laramie Formation, and the Arapahoe 

Formation at RFP The eastward dip of beds within the Rocky Flats Alluvium is apparent from 

the subsurface elevahon of the top of a gravelly sand marker bed observed in boreholes in the 

East Trenches area 

After deposition of the Rocky Flats Alluvium, eastward flowing streams, which may have 

onginated in pre-Wisconsin hme, began dissecting the deposit by headward erosion and lateral 

planation The alluvium was progressively removed by erosion in the Woman Creek dramage 

south of the plant and in the South Walnut Creek drainage to the north The result is a remnant 

of Rocky Flats Alluvium extending eastward from the Plant between the two drainages 

Background Ocochmcal CluractcnztIm Plsn 
EGdrG, Rocky Flats, Inc , Goldcn, Colorado 
cg&g\bkgd-geo\Mc 2 feb 

FINAL Fcbrury 1992 
Page 2-10 



I I 2.3.2 Cretaceous-Aged Deposits 

The Cretaceous-aged formations in the vicinity of RFP were deposited dunng the Laramie 

Orogeny Uplifted strata to the west provided the source matenal for the prograding sequence 

of Fox Hills delta front sands, Laramie delta plan sands and the Arapahoe fluvial deposits 

I 
I 

~1 2.3.2.1 Arapahoe Formation 

The Arapahoe Formation is the uppermost bedrock unit in the vicinity of RFP It 

unconformably underlies surficial matenals beneath most of the Plant except in the western 

portion There, from approximately the middle of the west buffer zone and west to the gravel 

qumes, the Laramie Formation unconformably underlies the Rocky Flats Alluvium 

I 

; I  

I 
1 

' I  

The Arapahoe Formation is a fluvial deposit composed of overbank and channel deposits It 

consists predominantly of light to medium olive-gray and some olive-black claystones and silty 

clay stones, and siltstones with some silty sandstones and sandy conglomerates When weathered 

at the base of the alluvium, the claystones appear dark yellowish-orange, which is a result of 

iron oxide smning below the alluvial-bedrock unconformity Staming is common at depths of 

1 to 20 feet below the alluvium (EG&G, 1991b) Caliche may also be found in this weathered 

zone in sandstones that occur beneath the Rocky Flats Alluvium and above claystones or 

siltstones, as a result of reduced percolation and high evaporation 

The Arapahoe Formation contams at least five mappable sandstone intervals which are lenticular 

in nature (EG&G, 1991b) Most of the sandstones are very fine to medium-graned, poorly to 

moderately sorted, subangular to subrounded, silty, clayey, with frosted quartz grams, although 

some are coarse-graned or conglomeratic Commonly, the Arapahoe sandstones occurring 

within 30 to 40 feet of the base of the alluvium are oxidized and are thus pale orange, yellowish- 

gray and dark yellowish-orange The sandstones that are not in the weathered zone are light 

gray and olive gray 

The formation thickness is 150 feet in the central portion of RFP (EG&G, 1991b) The unit is 
nearly flat-lying beneath the central and eastern portions of the Plant (EG&G 1990b, 199Oe) 
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2.3.2.2 Laramie Formation 

The Laramie Formation underlies the Arapahoe Formation and is composed of two units a 

thick upper unit composed predominantly of claystone with some siltstones and sandstones, and 

a lower unit which contams numerous coals and sandstones that increase in thickness at the base 

of the unit The contact with the overlying Arapahoe Formation is conformable and is defined 

on the basis of textural and lithologic charactenstics, as given in the following description taken 

from EG&G (1992a) 

"The base of the Arapahoe Formation is defined as the lowest occurrence of 

lithologically distinct, medium to coarse-gmned, well-rounded, frosted, quartz 

sandstone or conglomerabc sandstone within a continuous vertical section Where 

no distinct Arapahoe sandstones are present within the vertical sequence, no 

lithologic break defines that contact and the contact surface is projected from the 

nearest surface exposures of lithologically distinct Arapahoe sandstones 'I 

The beds dip at approximately 45" to 50" west of the Plant and flatten to less than 2" dip below 

and east of the Plant (EG&G, 1990b, 1990e) 

The upper Laramie is composed of mostly silty claystones, siltstones, and some fine-graned 

fluvial channel sandstones The basal 150 feet of the upper Laramie interval contams coal beds 

that range from 1 to 3 feet in thickness The silty claystones are light olive gray to olive black, 

massive, and may contam sand or carbonaceous ma ted  Iron oxide nodules occur in the 

siltstones (EG&G, 1991b) 

The lower Laramie is composed of sandstones and coal beds The sandstones are finer-graned 

and more laterally continuous than those found in the Arapahoe Formation Coal beds range 

from 2 to 8 feet in thickness and one sandstone is 50 feet thick (EG&G, 1991b) 

The total thickness of the Laramie Formation is about 800 feet, the upper Laramie ranges in 
thickness from 515 to 690 feet and the lower Laramie ranges from 285 to 115 feet in thickness 

(Weimer, 1973, EG&G, 1991b) 
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' I  2.3.2.3 Fox Hills Sandstone 

The Fox Hills Sandstone is approximately 75 to 125 feet thick, and is composed chiefly of 

calcareous, fine-gramed feldspathic sandstone with thin beds of siltstone and claystone (EG&G, 

1991b) The rocks are grayish-orange to light gray in color The formations is interpreted as 

a delta-front sandstone in facies relationship with the underlying Pierre Formation and the 

overlying Laramie Formation (Weimer, 1973) 

I 
I 
I 
I 2.3.3 Structural Features 

I 

I 

RFP is situated in an area once tectonically active Structural activity associated with the 

Laramide Orogeny (approximately 60 to 45 million years ago) was manifested in thrust faults, 

resulting from compressional stresses After a penod of quiescence, the area underwent 

tensional faultmg from the Miocene to the Pliocene penod (25 to 5 million years ago), which 

produced normal and high angle reverse faults associated with the present Front Range 

The Plant lies on a monoclinal fold along the eastern margin of the Front Range mountains The 

axial plane of the fold strikes roughly north-south Just west of the site steeply dipping strata 

of Pennsylvanian age lie unconformably on Pre-Cambnan granitic rocks 

In the vicinity of RFP, two faults exist which are products of the two tectonic events Beneath 

RFP, a thrust fault is present in the Pierre Shale The thrust has a maximum throw of 

approximately 80 feet at a depth of 3,600 feet As the more recent structural forces in the area 

have been extensional in nature, it is not believed that this fault will become active agam 

Approximately 1 5 miles south of the Plant is the northern extension of the Golden Fault In 

a 1981, study Dames and Moore found "no compelling evidence for current tectonic activity of 

the Golden Fault I' Dames and Moore also found the Golden Fault to be unrelated to other 

structural features in the area 
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2.4 HYDROGEOLOGY 

Unconfined ground water occurs in the Rocky Flats Alluvium which is relatively permeable 

(Figure 2-8) Recharge to the alluvium is from precipitation, snowmelt, and water losses from 

ditches, streams, and ponds that are cut into the alluvium Groundwater movement in the Rocky 

Flats Alluvium is generally from west to east and is controlled by pediment dramages cut into 

the top of bedrock Flow is downslope through colluvial matenals and then along the course 

of the stream in valley fill matenals The Rocky Flats Alluvium terminates approximately 1,500 

feet west of the eastern Plant boundary and does not directly supply water to wells located 

downgradient of the RFP The surficial water table map is presented on Plate 1 Discharge 

from the alluvium occurs at seeps that may or may not be covered by colluvium at the contact 

between the alluvium and bedrock along the edges of the valleys Most seeps flow 

in termi ttently 

Groundwater levels in the Rocky Flats Alluvium nse in response to recharge during the spring 

and decline dunng the remainder of the year During penods of high surface water flow, water 

is lost to bank storage in the valley fill alluvium and returns to the stream after the runoff 

subsides In the western portion of RFP, where the thickness of the alluvial matenal is greatest, 

the depth to the water table is 50 to 70 feet below the surface (EG&G, 1991b) The water table 

becomes shallower to the east (with local vanations) as the alluvial matenal thins Some 

mounding occurs under ponds, such as the solar ponds 

The Arapahoe sandstones exhibit many of the same hydrological charactenstics as the Rocky 

Flats Alluvium Where the sandstones are in direct contact with the alluvium, ground water 

exists under unconfined conditions However, saturated sandstones that lie beneath claystones 

and siltstones are confined water bearing units Where weathered, the claystones themselves 

may act as unconfined water b a n g  units, but have much lower hydraulic conductivity than the 

Rocky Flats Alluvium 

The m a n  recharge area for Arapahoe sandstones is under the Rocky Flats Alluvium although 

some recharge from the colluvium and valley fill alluvium likely occurs along the stream valleys 

(Figure 2-8) Recharge is greatest dunng the spnng and early summer when mnfall and stream 
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flow are at a maximum and water levels in the Rocky Flats Alluvium are high Discharge 

occurs at the edges of valleys (Figure 2-8) Ground-water flow in the bedrock is from west to 

east, although flow within individual sandstones is controlled locally by the channel geometnes 

The Arapahoe sandstones have hydraulic conductivities approximately equivalent to, or less than, 

those of the overlying Rocky Flats Alluvium (Hydro-Search, 1985, Rockwell International, 

1986b) 

The lower sandstone unit of the Laramie Formation and the underlying Fox Hills Sandstone 

compnse a regionally important aquifer in the Denver Basin known as the Laramie-Fox Hills 

Aquifer (Robson, 1983) Near the center of the basin the aquifer thickness ranges from 200 to 

300 feet These units subcrop beneath the Rocky Flats Alluvium west of the Plant and can be 

seen in clay pits excavated through the Rocky Flats Alluvium (see Figure 2-3) Recharge to the 

aquifer occurs along the rather limited outcrop area exposed to surface water flow and leakage 

along the Front Range (Robson, et al , 1981b) Claystones of the Laramie Formation have very 

low hydraulic conductivities, therefore, the U S Geologic Survey (HuK, 1976) concludes that 

Plant operabons will not impact any units below the upper claystone unit of the Laramie 

Formation 

In summary, two groundwater flow systems are distinguished in the current conceptual model 

of the subsurface hydrology of Rocky Flats The upper flow system is unconfined and lies 

within the Rocky Flats Alluvium, colluvium, valley fill, and weathered bedrock The lower 

flow system is confined within unweathered bedrock sandstones of the lower Arapahoe and upper 

Laramie Formabons The two flow systems are probably in hydraulic connection whenever 

bedrock sandstone subcrops under surficial matenals (EG&G, 199Oc, 199 IC) 

2.5 METEOROLOGY AND CLIMATOLOGY 

The area surrounding the RFP has a semiand climate charactenstic of much of the central Rocky 

Mountam region Approximately 40 percent of the 15-inch annual precipitation falls dunng the 

spnng season, much of it as snow Thunderstorms (June to August) account for an addihonal 

30 percent of the annual precipitabon Autumn and winter are dner seasons, accounbng for 

19 and 11 percent of the annual precipitabon, respecbvely Snowfall averages 85 inches per 
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year, falling from October through May (DOE, 1980) Temperatures are moderate, extremely 

warm and cold weather is usually of short duration On the average, d a l y  summer temperatures 

range from 55°F to 85"F, and winter temperatures range from 20°F to 45°F The low average 

relative humidity (46 percent) is due to the bloclung effect of the Rocky Mounmns Wind, 

temperature, and precipitation data are collected on the plant site and summarized annually 

Table 2-1 presents the 1990 annual summary of the percent frequency of wind direchons (16 

compass points) divided into 5 speed categories These frequency values are represented 

graphically in Figure 2-9 Winds at the RFP are predominantly northwesterly Winds greater 

than 4 18 meters per second (m/s) (9 2 miles per hour [mph]) with easterly components occur 

with a low frequency 

Special attention has been focused on dispersion meteorology surrounding the Plant due to the 

possibility that significant atmosphenc releases might affect the Denver metropolitan area which 

is located in the predominant downwind direction (southeast) Studies of air flow and dispersion 

charactenstics (e g , Hodgin, 1983, 1984) indicate that dramage flows (winds coming down from 

the mounmns to the west, turn and move toward the north and northeast along the South Platte 

River valley and pass to the west and north of Bnghton, Colorado (DOE, 1980), which is Just 

north of Denver 
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Table 2-1 

Wind Direction Frequency (Percent) 
by Five Wind-Speed Classes 

Rocky Flats Plant 

(Fifteen-Minute Averages 1990 Annual) 
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SECTION 3 

BACKGROUND SAMPLING PROGRAM 

This section descnbes the sampling locations and data collection techniques employed dunng the 

background borehole, ground water, surface water, and sediment geochemical charactenzation 

Surface soils are not considered in this program because it is antmpated that a separate program 

will be developed by EG&G to charactenze surficial soils in background and non-background 

areas of the RFP 

3.1 SAMPLING LOCATIONS 

The rationale for selection of background sampling sites consider a number of factors which are 

listed below 

e 

a 

Plant boundaries - all background sites in the present program are located within 

the 10 square mile RFP property to establish local background with respect to 

geology, hydrology, and weather patterns 

Avoidance of contaminahon - background stations are located to avoid all known 

IHSSs 

Geology - all key geologic matenals are represented Rocky Flats Alluvium, 

colluvium, valley fill alluvium, and weathered and unweathered Arapahoe and 

Laramie Formation bedrock 

Hydrology - background sites must be upgradient or sidegradient to the central 

Plant area and to known IHSSs Sites must be representative of the intermittent 

streams present at the RFP, associated stream sediments, seep waters, and ground 

water Both surface and ground water locahons are constraned by the limited 

avadability of water due to the semiand climate at the RFP 
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e Meteorology - background stations are located west, north, and south of the 

central Plant area, while the predominant direcbon of high winds is to the east 

e Spahal coverage - an attempt was made to represent all background regions and 

stream dramages in the RFP buffer zone However, as noted under "hydrology," 

the limited avadability of water has resulted in "clumping" of sites, and lack of 

representation for some areas 

It is recognized that there is the possibility that arborne dispersion of radionuclides from the 

RFP may extent to background sites Possible sources of radionuclides include the 1957 and 

1969 fires, and resuspended soil from the 903 Pad site However, radiation surveys at the RFP 

(EG&G Energy Measurements, 1982, 1990) do not indicate anomalous readings in the 

background areas It may be possible to use mveshgahve techniques, such as study of isotopic 

ratio data, to distinguish potenhal radionuclide contnbutions from the RFP, from atmosphenc 

fallout due to nuclear teshng, and from natural sources 

3.1.1 GeoloPic MaterialdBorehole 

As discussed in Section 2, two types of surficial matenals occur beneath IHSSs at the RFP 

Many of the IHSSs are situated on Rocky Flats Alluvium (Plate 1) The second type of surficial 

matenal consists of colluvial matenals that have accumulated on slopes below the Rocky Flats 

Alluvium IHSSs 

within these dramages are a part of OUs 5 and 6 Development of background soil data 

therefore required sampling of both types of matenals 

Colluvium is present in the Woman Creek and Walnut Creek dramages 

In addition to surficial matenals, Arapahoe and Laramie Formation claystone and sandstone 

bedrock geochemistry were charactenzed for cornpanson to inveshgative samples Presented 

below is a discussion of borehole locahons utilized for geologic matenals sampled dunng the 

background investigation Boreholes were dnlled and sampled in 1989 (sampling methods are 

discussed in Section 3 2) 

FINAL Fcbnury 1992 
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3.1.1.1 Rocky Flats Alluvium Boreholes 

The Rocky Flats Alluvium consists of poorly sorted boulders, cobbles, gravels, sands, silts, and 

clays deposited in alluvial fans at the base of the Colorado Front Range Mounmns (HuK, 1976) 

Eight boreholes were dnlled to investigate the Rocky Flats Alluvium chemistry (wells B400089, 

B400289, B400389, B400489, B200589, B200689, B200789, and B200889 [Plate 31) Boreholes 

were dnlled in both the north buffer zone (boreholes B200589, B200689, B200789 and 

B200889) and south buffer zone (boreholes €3400089, B400289, B400389 and B400489) to 

charactenze the lithology, thickness, and geochemistry of the Rocky Flats Alluvium in different 

areas of the Plant There are no IHSSs in either of these two areas (see Section 2 and Plate 1) 

3.1.1.2 Colluvial Boreholes 

Colluvium at the Rocky Flats Plant collects on the sides and at the base of hills and slopes It 

is the product of mass wasting and downslope creep, commonly observed in and on the valley 

walls of the Plant buffer zones These deposits consist predominantly of clay with occurrences 

of sandy clay and gravel Nine boreholes were dnlled to characterize the colluvium (boreholes 

B201089, B201189, B201289, B201489, B201589, B301889, B401989, B302089, and B405989) 

Boreholes B201089, B201189, B201289, B0201489, and B201589 were dnlled in the north 

buffer zone, and boreholes B301889, B401989, B302089, and B402189 were drilled in the south 

buffer zone (Plate 3) to investigate spatial variation in colluvial geochemistry 

3.1.1.3 Weathered Bedrock Boreholes 

The bedrock units underlying the RFP is the Arapahoe Formahon This formation consists 

predominantly of claystone with interbedded sandstone All nine of the boreholes dnlled to 

investigate colluvial matenals were extended 12 feet into weathered bedrock of the Arapahoe 

Formation (Plate 3) Eight boreholes were drilled and sampled in weathered claystone 

Borehole €3402 189 encountered weathered non-subcropping sandstone 
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3.1.2 Ground Water 

Ground water at the RFP occurs in Rocky Flats Alluvium, colluvium, valley fill alluvium, and 

the Arapahoe and upper Laramie Formation Unconfined ground water flow occurs in surficial 

matenals, subcropping sandstone, and surficial bedrock In addihon, subcropping clay stone may 

be saturated in some locations Confined ground water occurs in deeper, isolated sandstone 

hydrostratigraphic units 

As can be observed on Plate 2,  the background boreholes and monitoring wells in the north 

buffer zone are not downgradient of the West Spray Field Surface water and ground water flow 

into a tnbutary on the upper reaches of Walnut Creek Even if these sampling locations were 

downgradient of the West Spray Field, travel times would be 42 feet/year (4 0 x lo5 centimeters 

per second [cm/sec]) based on a conservative hydraulic conductivity of 1 x lo3 cm/sec for the 

Rocky Flats Alluvium, effective porosity of 0 3, and hydraulic gradient of 0 012 (80 feet/ 

6,750 feet) The West Spray Field was used for spray application from April 1982 to October 

1985 The sampling locabons are 6,750 feet from the eastern edge of the West Spray Field, and 

it has been 10 years since the initial spraying, therefore, potential contamination has traveled 410 

feet 

3.1.2.1 Rocky Flats Alluvium Ground Water 

Ground water in Rocky Flats Alluvium was investigated by installing, developing, and sampling 

alluvial wells in eight boreholes used for charactenzation of the Rocky Flats Alluvium (wells 

B400189, B400289, B400389, B400489, B200589, B200689, B200789, and B200889) Well 

55-86 serves as the ninth background alluvial well (Plate 4) The wells were installed in two 

different areas of the Plant buffer zone to investigate spatial variability of alluvial ground water 

quality Wells 55-86, B400189, B400289, B400389, and B400489 were installed in the. 

southwest portion of the buffer zone where there are no IHSSs (Plate 1) This area exhibits 

lithologies and saturated thicknesses similar to those at the West Spray Field Wells B200589, 

B200689, B200789, and B200889 were installed in the north buffer zone sidegradient of the 

Plant where there are also no IHSSs (Plate 1) This area was chosen because the lithologies and 
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saturated thicknesses are similar to those at the Solar Evaporation Ponds, 903 Pad, Mound, and 

East Trenches Areas based on a similar topographic position 

One well cluster was also installed in the Rocky Flats Alluvium at the location where the greatest 

saturated thickness was encountered to evaluate geochemical stratification of alluvial ground 

water quality west of the Plant The alluvium exceeds 90 feet in depth in this area The well 

cluster consists of three wells constructed on the basis of the static water levels recorded in the 

area Well B400489 was screened over the entire saturated thickness of the Rocky Flats 

Alluvium (9 87 to 54 45 feet below ground surface) Well B405789, located approximately 15 

feet west of B400489, was screened over the bottom 10 feet of saturated alluvium (43 01 to 

52 48 feet below ground surface) Well B405689 was screened from 10 feet above to 10 feet 

below the water level (3 0 to 22 51 feet below ground surface) 

3.1.2.2 Colluvial Ground Water 

In order to charactenze colluvial ground water quality, 10 wells were installed in colluvial 

materials They were installed in various areas of the Plant buffer zone to investigate spatial 

vanability Wells B201089, B201189, B201289, B201489, B201589, and B205589 were 

installed in the north buffer, whereas wells B301889, B401989, B302089, B405989 were 

installed in the south buffer zone (Plate 4) There are no IHSSs in either of these areas 

(Plate 1) 

3.1.2.3 Valley Fill Alluvial Ground Water 

Charactenzation of valley fill ground water quality was accomplished by installing nine wells 

in valley fill matenals (Plate 4) Wells B102289, B102389, B202489, and B202589 were 

installed at four locations along the Rock Creek drainage to investigate ground water quality 

changes along the dramage To investigate spatial vanability of ground water quality between 

dramages, wells B402689, B302789, B302889, B302989, and B303089 were installed in the 

south buffer zone and completed in Woman Creek Valley fill alluvium None of the above areas 

have been impacted by IHSSs 
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3.1.2.4 Bedrock Ground Water 

Data for the characterization of background bedrock ground water quality were collected by 

installing 21 monitor wells screened in bedrock These wells were drilled in various areas of 

the Plant buffer zone to investigate spatial variability of bedrock ground water quality (Plate 5) 

Eleven bedrock wells were completed in the north buffer zone Five of the 11 wells (B203 189, 

B203289, B203489, B203589, and B203689) were installed adjacent to the sidegradient northern 

alluvial wells and are completed in weathered claystone of the Arapahoe Formation The 

remaming six wells (B203789, B203889, B203989, B204089, B204 189, and B204689) are 

completed in unweathered sandstones of the Arapahoe Formation Well B204689 was installed 

for this program but has since become an inactrve well because a pump became lodged in the 

well dunng sampling The pump was unretnevable, and therefore, the well was sealed and is 

awating abandonment 

Ten bedrock wells were installed in the south buffer zone Three of the 10 bedrock wells are 

completed in unweathered sandstones (B304289, B304989, and 13405289), 5 wells are completed 

in weathered claystone (B304789, B304889, B405 189, B305389, and B405489), and 2 wells 

(B402 189 and B405889) are completed in weathered non-subcropping sandstones Well B405489 

is installed in weathered claystone of the Laramie Formation 

3.1.3 Surface Water 

Nine surface water monitoring locations were initially selected as background stations (Plate 6 

and Table 3-1) One station (SW-107) is located on the Woman Creek dramage upstream of the 

Plant, and three stations (SW-41, SW-80, and SW-104) are posihoned within tnbutaries entering 

Woman Creek from the southwest Station SW-07 is situated in a tnbutary of Walnut Creek 

upgradient of any IHSSs (Plate l), and stations SW-06, SW-05, SW-108, and SW-04 are located 

along the Rock Creek dranage Surface water stations SW-080, SW-104, and SW-108 are seeps 

while the rest are instream surface water stations These locations were chosen to collect an 

array of surface water samples that are representative of background conditions 
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Table 3-1 

Stabon 
Number 

Surface Water Stations 
at 

Rocky Flats Plant 

Northing Eashng State State Ground 
Coordinate Coordinate Northing Eashng Surface 
(ft) - RFP (ft) - RFP Coord (ft) Coord (ft) Elev (ft) 

sw005 

SW006 

S W W  I 45162 18 I 2266842 I 7514842 I 2085747 15 I 5721 20 

40095 64 16442 91 753062 65 2079539 99 5973 00 

37119 25 12275 44 750073 29 2075383 44 6129 00 

sw007 

SW041 

35270 77 11107 42 746995 12 2074221 82 6184 70 

34024 22 17138 39 748221 44 2080255 33 5980 50 

SW080 

sw104 

33104 05 17902 55 746995 12 2081022 32 6042 10 

32376 51 18188 09 746077 71 2081310 19 6062 40 

See Plate 6 for station locations 

SW107 

SW108 

Note Surface water stations SW127, SW130, SW134, SW135, SW136, and SW137 have not been surveyed yet 

34187 74 14780 90 747150 81 2077897 92 6054 30 

44323 08 22971 45 757310 54 2086052 87 5838 60 

FINAL Fcbnwy 1992 
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Six additional surface water stations have been added to the Background Geochemical 

Monitonng Plan since its inception in 1989 SW-127 is located in the far western part of the 

Plant on a tnbutary of Woman Creek SW-130 is located just east and downgradient of Rocky 

Flats Lake on Smart Ditch in the south buffer zone Surface water stations SW-134, SW-135, 

SW-136, and SW-137 are located on Rock Creek or unnamed tnbutaries of Rock Creek 

Surface water stations were sampled monthly in 1989, 1990, and 1991, but are now sampled 

quarterly as of the first quarter of 1992 

3.1.4 Stream Sediment 

Background stream sediment chemistry is being evaluated by sampling nine sediment monitoring 

locations for subsequent chemical analyses (Plate 6 and Table 3-2) These stations are pared 

with nine of the background surface water stations described above Stations SED20, SED21, 

SED22, and SED23 are located in the Rock Creek drainage, station SED04 is located in Walnut 

Creek, and stations SED16, SED17, SED18, and SED19 are located in Woman Creek SED18, 

SED19, and SED21 are located at seeps while the rest and instream sediment stations These 

sites have been selected as locations representative of lithologies present in the dramages of the 

Plant site where impacts from management units are not anticipated 

3.2 SAMPLING AND DATA COLLECTION 

Starting in 1989, field sampling and data collection followed the Rocky Flats ER Program SOPs 

(Rockwell International, 1989c), and the ER Program QAlQC Plan (Rockwell International, 

1989d) These documents have been superceded by the EMD SOPs (EG&G, 1991a), and the 

Rocky Flats Plant Site-Wide QAPjP (EG&G, 1991d) Presented below are bnef discussions of 

data collection methods that were andlor are utilized for background charactenzation 

Background Gmhcmical Chrractcrizstlm P h  
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Station 
Number 

S D W  

SDO 16 

SD017 

Table 3-2 

Northing Eastmg State State Ground 
Coordinate Coordinate Northing Easting Surface 
(ft) - RFP (ft) - RFP (ft) (ft) Elev (ft) 

35270 77 11107 42 74822 44 2074221 82 6184 70 

34187 74 14780 90 747150 81 2077897 92 6054 30 

34024 23 17138 39 746995 12 2080255 33 5980 50 

I 
I 

SDO 18 

Sediment Water Stations 
at 

Rocky Flats Plant 

33110 94 17897 74 746084 58 2081017 49 6041 40 

SD019 32376 51 18188 09 745351 30 2081310 19 6062 40 

I R  

SD020 40107 07 16453 06 753074 1 1  2079550 10 5972 70 

SD02 1 44323 08 22971 45 757310 54 2086052 87 5838 60 

See Plate 6 for station locations , 

I 

SD022 45167 18 22668 42 758148 42 2085747 15 5721 20 

SD023 37119 25 12275 44 750073 29 2075383 44 6129 00 

FINAL 

1 
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3.2.1 Drilling and Loggine 

All boreholes for soil sampling and monitor well construchon were continuously sampled, as 

dnlling permitted, and geologically logged Dnlling was performed utilizing auger rigs, rotary 

conng ngs, and a r  rotary downhole percussion hammer (ODEX) ngs Hollow stem augers 

were used to advance the borehole through surficial matenals and weathered bedrock where 

possible, and materials were continuously sampled through the augers with split tube samplers 

on a wireline 

In areas where large cobbles and boulders were encountered such as the south-southwest buffer 

zone (wells B400189, B400289, B400389, B400489, B305389, B405489, B405689, B405789, 

and B405889) an a r  rotary downhole percussion hammer (ODEX) rig was used to advance the 

boring Casing was simultaneously installed in the borehole as the bit was advanced Cuttings 

from the borehole were circulated out of the borehole by high pressure a r  and collected for 

logging and sampling purposes in 55-gallon drums The cuttmgs were collected for analytical 

purposes in  boreholes B400289, B400389, B400489, B400589 

Protective surface casing was installed pnor to a bedrock hole being rotary cored After a deep 

bedrock borehole was augured 3 to 4 feet into unweathered bedrock, augers were pulled, and 

8-94 inch outside diameter (OD) threaded casing was lowered into the hole by an auxiliary 

wireline cable The casing was tremie grouted with Portland Type I and I1 cement The cement 

was given 24 hours to set before operations were continued Bedrock boreholes were then 

continuously cored from the base of the surface casing to total depth using water Continuous 

core samples were obUned using wireline and split tube samplers 

All lithologic samples were described, labeled and packaged by a geologist in the field as 

descnbed in the SOPS Well construction demls are summanzed in Table 3-3 

Boreholes not completed as monitonng wells were abandoned by backfilling to within 4 to 5 feet 

of ground surface using Volclay grout, which was tremied downhole and subsequently topped 

off with Portland Type I and I1 cement 

Background Gcochcmical Chamclenmtron P b  
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3.2.2 Borehole SamDling 

Sampling methods for all boreholes dnlled within the background area are descnbed in this 

secbon Borehole sample chemical analysis is discussed in Section 3 3 

3.2.2.1 Rocky Flats Alluvial Boreholes 

Boreholes dnlled in the Rocky Flats Alluvium were sampled as follows The top 3 feet of each 

bonng was cornposited for chemical analyses to charactenze the Flatiron Soil Below this depth, 

6-foot composites were submitted for chemical analyses to characterize the Rocky Flats 

Alluvium If a lithologically distinct layer greater than 2 feet in thickness was encountered, a 

discrete sample was collected for chemical analysis The alluvium within the interval containing 

the alluvium/bedrock contact was not sampled for chemical analyses unless the total alluvium 

thickness was less than 5 feet 

Samples were collected in glass jars for radionuclides, inorganics, and metals Radionuclides 

and inorganics were collected in 16-ounce jars, and metals were collected in 8-ounce jars Each 

contamer was packed, labeled, and sealed by a geologist in the field Samples were not 

preserved in the field as defined in the ER Program QA/QC Plan (Rockwell 

International, 1989d) 

3.2.2.2 ColluviudBedrock Boreholes 

All colluvial boreholes were sampled from the surface to 12 feet below the bedrock contact so 

weathered bedrock matenals could also be sampled for chemical analysis The top 3 feet of the 

surficial matenals were composited for chemical analysis to characterize the Hillslope soil 

developed on the colluvium All remining colluvial samples collected followed methods 

descnbed for Rocky Flats Alluvium sampling 

Bedrock contact samples as well as weathered bedrock samples were collected from each 

colluvium bedrock borehole The bedrock contact sample extended from the contact to 6 feet 

below the contact If a A 6-foot composite sample was also collected below this depth 

Background Ooochmcal Charactcnzahon Plan 
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lithologically distinct unit greater than 2 feet in thickness was encountered, a discrete sample was 

collected Sample contamers and parameters were as descnbed for the Rocky Flats Alluvial 

borehole samples 

3.2.3 Monitor Well Installation 

All alluvial and colluvial wells were completed with 4-inch diameter, Schedule 40 PVC casing 

and 0 01 inch slotted Schedule 40 PVC screen with the exception of colluvial well B201289, 

which was completed with 2-inch Schedule 80 PVC Figure 3-1 illustrates the typical alluvial 

well design and annulus materials for wells completed in Rocky Flats Alluvium, colluvium, and 

valley fill alluvium Except for the well cluster completed in Rocky Flats Alluvium discussed 

previously, all background wells completed in surficial materials were screened over the entire 

alluvial saturated thickness The screened intervals of these wells extended from 0 5 feet below 

the bedrock contact to a point above the water level encountered during dnlling or observed in 

nearby wells installed in similar materials 

Three different types of bedrock wells were installed dunng the background characterization 

Weathered claystone, weathered sandstone, and unweathered sandstone wells were completed 

to monitor each lithology 

Shallow, weathered claystone wells were augured to total depth and constructed in the open 

borehole Where hole stability was a problem, holes were reamed with large diameter augers 

to total depth and then the well was constructed inside the augers This occurred at wells 

B203189, B203489, and B203689 The remamder of the wells were built open hole, using a 

smnless steel centralizer for downhole stabilization The wells were screened from 

approximately 5 feet below the bedrock contact to 15 feet below the bedrock contact with the 

exception of well B203489 in which the screen began 1 4 feet below the contact due to borehole 

instability dunng well installation Figure 3-2 presents the typical weathered bedrock well 

design 

Background Gcochmcal Chnmctenmtlon Plan 
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Two weathered sandstone wells were installed dunng this program Well B402189 was 

constructed to screen the upper 10 feet of a weathered sandstone encountered at 12 5 feet below 

ground surface, whereas well B405889 was constructed to monitor the bottom 10 feet of the 

same sandstone unit In both cases, hole instability warranted constructing the wells within large 

diameter augers or drill pipe The well construction matenals used were the same as those for 

weathered claystone wells 

The third type of bedrock well was completed in unweathered sandstone, these are referred to 

as deep bedrock wells Each deep bedrock bonng was advanced with hollow stem augers 

through surficial matenals into slightly weathered bedrock, and steel surface casing was 

subsequently installed The remamder of the hole was then rotary cored to total depth All deep 

bedrock wells were completed with 2-inch diameter Schedule 80 PVC and 0 01 inch slotted 

Schedule 80 PVC, and 2-foot sumps were placed at the base of the screen The annular 

materials that were used were the same as those for weathered bedrock wells, except Portland 

Type I cement was used instead of Volclay grout Figure 3-3 presents the typical unweathered 

bedrock well design 

3.2.4 Well DeveloDment 

All monitor wells were developed subsequent to well completion and prior to ground water 

sampling or hydraulic testing The purpose of development is to remove fine materials from the 

sand pack and the borehole wall to facilitate hydraulic communication between the screened 

formation and the monitor well 

The well development procedures used during the background characterization field activities 

were consistent with those outlined in the ER Program SOPS (Rockwell International, 1989c) 

and EMD Standard Operating Procedures (EG&G, 1991a), with two exceptions First, the 

Geological Society of America Rock Color Chart was used the majonty of the time in place of 

a turbidimeter to gauge turbidity and color of the development water Second, addition of tap 

water to the top of the sand pack to develop the entire filter pack was not always successful 

It was apparent in some instances that water added to the wells in the southwest buffer zone was 

Background Geoche0llc.l Charactcnmllon P h  
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lost to the formation almost immediately Several attempts to recover the addihonal water were 

made at each location before the procedure was abandoned 

3.2.5 Ground Water SamDling 

Quarterly sampling of the background wells was initiated subsequent to well development 

beginning in the second quarter 1989 Three quarterly sampling events were completed in 1989 

and four quarterly sampling events occurred in 1990 and 1991 

Ground water sampling is performed in accordance with the EMD Standard Operating 

Procedures (EG&G, 199 la) This includes procedures for equipment decontamination, 

presample purging, water level measurements, field water quality measurements, sample 

collection, sample preservation, and sample shipping A well is considered dry if the water level 

is below the base of the screen prior to the pre-sample purge Chemical analyses for ground 

water samples are discussed in Section 3 3 

Bedrock well B203689 was deleted from the background sampling program because the water 

level in B203689 corresponded with that of nearby alluvial well B200889 This well is still 

being sampled, but will not be included in the statistical analysis of background conditions It 

was believed that both water levels were that of surficial matenal water bearing zones, and 

B203689 sampling would not be representative of bedrock ground water chemistry 

Procedures initiated during the fourth quarter 1989 for background ground water sampling 

deviated slightly from second and third quarters Each well was approached for 5 days or until 

the entire sample was collected If  a suite of samples was not finished within the 5-day 

approach, procedures remaned consistent with previous quarters 

Prior to presample purging of each well, a water level measurement is obtamed and recorded 

on the water level data sheet This level is measured from the mark present on the north side 

of the surface casing of each well 
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3.2.6 Surface Water Sampling 

Surface water samples are now collected from 15 background stations Nine locations were used 

to collect surface water samples starting in first quarter 1989 (SW004, SW005, SW006, SW007, 

SW041, SW080, SW104, SW107, and SWl08) Surface water stations SW127 and SW130 were 

used as background locations starting in 1990 Surface water stahons SW134, SW135, SW136, 

SW 137 will be part of the background program starting in first quarter 1992 Chemical analyses 

of background surface water samples are discussed in Section 3 3 

Stream flow measurements are taken at each sampling location The flow measurements are 

made as descnbed in the SOP-Discharge Measurement (EG&G, 1991a, Volume IV, Procedure 

SW 6) 

3.2.7 Stream Sedrment Saniding 

Stream sediment samples are collected from each of the background surface water sampling 

locations Samples are collected at one point in the stream if the channel width is less than 5 

feet If the channel width is greater than 5 feet, but less than 10 feet, two samples are collected 

within the channel at locahons 33% and 67% of the width in from the channel boundary If the 

width of the channel is greater than 10 feet, but less than 20 feet, three samples are obtained 

within the channel at locations 25%, 50%, and 75% of the width in from the channel boundary 

Chemical analyses for the background sediment samples are discussed in Section 3 3 Collection 

of these samples is consistent with the procedures outlined in the EMD Standard Operating 

Procedures (EG&G, 1991a, Volume IV, Procedure SW 6) 

3.3 CHEMICAL ANALYSES 

3.3.1 Analvtical Parameters 

Ground water, surface water, sediment, and geologic matenals are being analyzed for an 

extensive list of parameters in order to provide data for investigations, and a complete 

geochemical characterization The Chemical Analyte Roster (CAR) is presented in Table 3-4, 
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TABLE 3-4 (Continued) 

Background Sediment, Borehole, Surface Water, 
and Ground Water Sampling Parameters 

ANIONS 
Ground Water and Surface Water 

Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate as N 
Cyanide 
Fluoride 
Bromide 
Silica (as Si or SiOJ 
Ammonium 
Orthophosphate 

DISSOLVED RADIONUCLIDES' 
Ground Water and Surface Water 

Gross Alpha 
Gross Beta 
Uranium -233&234,235, and 238 
Americium -241 
Plutonium -2398~240 (surface water only) 
Strontium -89.90 
Cesium 137 
Radium 226,22Sb 

TOTAL RADIONUCLIDES 
Sediment and Boreholes 

Gross Alpha 
Gross Beta 
Uranium -233,234,235, and 238 
Americium -24 1 
Plutonium -239,240 
Tritium 
Strontium -89,90 
Cesium -137 
Radium -226,288 
Rad Screen 

Ground Water 
Plutonium -239%240 
Americium -241 
Tritium 

FINAL 

TOTAL RADIONUCLIDES' 
Surface Water 

Gross Alpha 
Gross Beta 
Uranium -233&234,235, and 238 
Plutonium -2398~240 
Americium -24 1 
Cesium - 137 
Strontium -89,90 
Radium -226,228b 
Tritium 

Febnury 1992 
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TABLE 3-4 (Continued) 

Background Sediment, Borehole, Surface Water, 
and Ground Water Sampling Parameters 

ORGANICS VOLATILES' 
Target Compound List - 
Ground Water and Surface Water 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1, I-Dichloroetheiie 
I I-Dichloroethane 
I ,2-Dichloroethene 
Chloroform 
I ,2-Dichloroethane 
2-Butanone 
I I , I -Trichloroethane 
Carbon Tetra~hloride 
Vinyl Acetate 
Bromodichloroinethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans- 1,3-Dichloropropene 
Trichloroetheiie 
Dibromochloromethane 
1,1 ,2-Trichloroethane 
Benzene 
cis- 1,3-Dichloropropene 
Bromoform 
2-Hexanone 
4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 
Oil and Grease (surface water only) 

ORGANICS SEMI-VOLATILES' 
Target Compound List - 

Phenol 
bis(2-Chloroethy l)ether 
2-Chlorophenol 
1,3-Dichlorobeiizene 
I ,4-Dichlorobenzene 
Benzyl Alcohol 
1 ,2-Dichlorobenzeiie 
?-Methy lpheiiol 
bis(2-Chlorotsopropyl)ether 
4-Methylphenol 
N-Nitroso-Dipropylamine 
Hexachloroethane 
Nitrobenzene 

Background Ocochcmiul ChuncIenzntm Plan 
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ORGANICS SEMI-VOLATILES' (continued) 
Target Compound List - 

Isophorone 
2-Nitrophenol 
2,4-Dimethylp henol 
Benzoic Acid 
bis(2-Ch1oroethoxy)methane 
2,4-Dichlorophenol 
I ,2,4-Tr ichlorobenzene 
Naphthalene 
4-Chloroaii 11 iiie 

Hexachlorobutadiene 
4-Chloro-3-methylphenol(para-chloro-meta-cresol) 
2-Methy lnaphthalene 
Hexachlorocyclopentadiene 
2 , 4  6-Trichloropheiiol 
2,4 ,S-Trtchlorophtiiol 
2 Cliloroiiaplithaltiie 
2-N itroaail ine 
Dimethylphthalate 
Aceiiaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethylp hthalate 
4-Chlorophenyl Phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-nitrosodipheny lamine 
4-Bromophenyl Phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
F'yreiie 
Butyl Benzylphthalate 
3 3 -Dichloroben~idine 
Beiizo(a)aiithracene 
bis(2-ethy lhexy l)phthalate 
Chryseiie 
Di-n-octyl Phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g h ,i)perylene 
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TABLE 3-4 (Continued) 

Background Sediment, Borehole, Surface Water, 
and Ground Water Sampling Parameters 

ORGANICS PESTICIDESIPCBs' 
Target Compound List - 
Surface Water 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan 1 
Dieldrin 

Endrin 
Endosulfan I1 

Endosulfan Sulfate 

Endrin Ketone 
Methoxychlor 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 

4,4'-DDE 

4,4'-DDD 

4,4'-DDT 

AROCLOR-1016 
AROCLOR- 122 1 
AROCLOR-1232 
AROCLOR- 1242 
AROCLOR- I248 
AROCLOR-1254 
AROCLOR- 1260 
Chlordane 
Endrin Aldehyde 

a Samples for total radionuclides for ground water will be collected if sufficient water can be evacuated from the well to fill the 
appropriate containers 

Decision tree If Gross Alpha is 2 5 pCilP, the sample will be analyzed for Radium-226,228 

' Volatiles, Semi-volatiles and Pesticide/PCB samples have been collected since 1991 

1 
I 
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and the rationale for the CAR is discussed in the following paragraphs All parameters on the 

CAR are analyzed in accordance with the General Radiochemistry and Routine Analytical 

Services Protocol (GRRASP) (EG&G, 1991e) 

3.3.1.1 Radionuclides and Metals 

Radionuclides and metals are included on the CAR because Plant records indicate historical 

releases, and radionuclides and metals have been detected in surface water, ground water, soil 

boring and sediment samples at the Plant site Radionuclides known to have been released 

include plutonium, americium, uranium, and tntium Radium is on the CAR because i t  IS a 

daughter isotope of uranium decay, strontium9' and cesium-137 are included because they are 

fission products Although there is no evidence of a criticality at the RFP, they have been 

included for completeness and because they exist in the environment as a result of nuclear testing 

fall out The CLP Target Analyte List (TAL) represent the CAR for metals The TAL is used 

by the EPA to investigate contamination at abandoned hazardous waste sites, and has been used 

for charactenzation of operable units at the RFP Also, the TAL contains several major cations, 

the data for which is necessary for an adequate geochemical charactenzation Five non-TAL 

metals (molybdenum, strontium, cesium, lithium, and tin) are also included on the CAR because 

they are known to have been released and/or provide a more comprehensive geochemical 

charactenzation 

3.3.1.2 Other Inorganics and Anions 

The other inorganics and anions (see Table 3-4) are on the CAR primarily because they are 

needed for a complete geochemical characterization Also, high total dissolved solids and nitrate 

are known to be present in ground water at some of the IHSSs 
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3.3.1.3 Indicators and Field Parameters 

Indicators and field parameters are included on the CAR because they are needed for a complete 

geochemical characterization and provide useful tools to assess the quality of other chemical 

analyses 

3.3.1.4 Organics 

CLP Target Compound List (TCL) organics have been analyzed for the background program in 

surface water and ground water samples since first quarter 1990 They were not initially 

analyzed because their presence in background areas of the plant is not likely They have now 

been included on the CAR for completeness to assure that background data are not influenced 

by presently unknown IHSSs 

3.3.2 Data Oualitv 

3.3.2.1 Analytical Methods 

Analytical methods and support levels must be evaluated dunng the development of site-specific 

data quality objectives The parameters for which the analytical method are valid, its limitations, 

and any special considerations that will affect data quality must be understood in order to select 

appropnate analytical methods for specific uses 

The analytical options avalable to support data collection activities are presented in five general 

levels (EPA, 1987) These levels are distinguished by the types of technology and 

documentation used, and their degree of sophistication and were defined in Section 1 4 3 3 of 

this document 

Chemical data derived from the background sampling and analysis program will be used, in part, 

to evaluate human health nsks posed by contamination at operable units Toxicological 

interpretation of soil chemistry requires validation of analytical data Only LEVEL V and 
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LEVEL IV analytical reports provide sufficient documentabon to allow for data validation 

Although LEVEL 111 analyt~cal procedures are similar to LEVEL IV, the documentation 

provided is not sufficient for data validabon, therefore, samples collected as part of this plan will 

be subjected to LEVEL IV analytical procedures and reporbng requirements (TCL and TAL) 

Other analyses conform to LEVEL 111 because they are non-CLP analytes All chemical 

analyses will be performed in accordance with the General Radiochemistry and Routlne 

Analyhcal Services Protocol (EG&G , 199 1 e) 

3.3.2.2 Detection Limits 

In this secbon, a compmson is made between analytical detecbon limits for the CAR and the 

concentrahon of each analyte which will pose a marginally acceptable health nsk This 

concentration is referred to as an acceptable exposure limit (EL) and is given in milligrams per 

lulogram for soil and micrograms per liter for water ELs have been calculated for the 

radionuclides, metals (cadmium, nickel, chromium, beryllium, and mercury), TCL volables, and 

several TCL semivolatdes and pesbcides/PCBs that have detected at the RFP The CDH Rocky 

Flats Health Advisory Panel idenbfied the metals as having the highest potential of being 

released by the Plant, and are the most toxic (CDH, 1991)' Most of these compounds are 

recognized as having chronic or carcinogenic health effects in humans (1 e , an Oral Reference 

Dose [RfD] or a Carcinogenic Slope Factor [CSF] exists for the substance) If detection limits 

are adequate for these compounds, they should be adequate for other less toxic metals and 

chemicals RfDs and CSFs were taken from the Integrated Risk Information System (IRIS) 

and/or Health Effects Assessment Summary Tables (HEAST) (EPA, 1991a) ELs have been 

conservatively calculated using exposure scenanos for a future on-site resident Detection limits 

for analytes are specified in the GRRASP (EG&G, 1991e) The purpose of this exercise is to 

identify those analytes which may require special analytical procedures to achieve detection 

limits equal to or less than a calculated EL 

'Lead was also identified by the Advisory Panel but the element does not have a RfD of CSF 
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ELs have been compiled based on non-carcinogenic (systemic) and/or carcinogenic properties 

of the contaminants The basic difference in methodology for assessing non-carcinogenic and 

carcinogenic nsk is the assumphon that non-carcinogenic health effects are threshold events, 

whereas carcinogenic risk is a cumulative effect For non-carcinogens, threshold level intake 

must be exceeded before potential adverse health effects are expected 

The potential for non-carcinogenic health effects are quantified by companng the daily intake 

(DI) to a RfD as shown below 

Non-cancer Hazard Quotient (HQ) = DI/RfD (1) 

Where 

DI = d a l y  intake (mg/kg-day) 

RfD = reference dose (mg/kg-day) 

Non-carcinogenic nsks from multiple contaminants are conservatively assumed to be additive 

A noncancer hazard index (HI) is computed by summing HQs for each contaminant 

HI = DIJRfD, + D12/RfD2 + DI,/RfD, (2) 

A HI less than 1 implies there will not be systemic health effects from exposure to the 

contaminants Therefore, for each contaminant, the HQ has been set at 0 1 in computation of 

the EL to allow for the additive effects of other contaminants 

Calculated carcinogenic risks estimate the increased likelihood of an individual contracting 

cancer during hidher lifetime due to contaminant exposure Carcinogenic nsks from multiple 

contaminants are also assumed to be additive 

Rlsk = CDI x CSF (3) 

Where 

CDI = Chronic Daly Intake (mg/kg-day) or (pCi) 

CSF = Carcinogenic Slope Factor (mg/kg-day) or @Ci)-' 
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For each contaminant, the nsk has been set at lo6 in computation of the EL to allow for the 

additive effects of the other contaminants This would result in the cumulabve risk from all site 

carcinogens in the range of lo4 to which is the target nsk range for remediation of the site 

The following equation is used to estimate the intake (CDI or DI) resulting from non-radioactive 

contaminant ingestion 

Intake (mass contaminant/body masshime) = EL X IR X ED x EF (4) 
BW X AT 

Where 

EL 

IR 

BW 

ED 

AT 

EF 

= Concentration in soil (mass contaminant/mass soil) or water (mass 
contaminant/volume water) 

Ingestion Rate (mass soil/time) or volume waterhime) = 

= Body Weight (mass) 

= Exposure Duration (time) 

= Averaging Time (time) 

= Exposure frequency (unitless) 

The following equabon is used to estimate the intake (CDI or DI) resulting from radionuclide 

contaminant ingestion 

Intake (Mass Contaminant) = EL x IR x ED x EF (5) 

Where 

EL = Concentration in soil (activity/mass soil) or water (activityholume 
water) 

From these equabons, (1) and (4), (3) and (4), or (3) and (5) the EL is calculated using the pre- 

selected values for HQ and Risk These resulting equations and the parameters used for 
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calculating the ELs for soil and water, are presented in Tables 3-5 through 3-7 Reference doses 

and carcinogenic slope factors used in the calculations are provided in Table 3-8 

Tables 3-9 and 3-10 compare ELs calculated for soil and water to the detection limits specified 

by the GRRASP A review of Table 3-9 reveals that, with the exception of beryllium, 

benzo(b)fluoranthene, benzo(a)pyrene, and Arochlor 1254, the GRRASP-specified detection 

limits are lower than calculated ELs The detection limit for these compounds exceed the 

carcinogenic ELs by less than a factor of 6, and does not senously compromise the nsk 

assessment objectives, i e , the detection limit equates to less than a 6x106 cancer risk, which 

is well within the acceptable nsk range (104 to 10") for remediation Review of Table 3-10 

reveals that most of the metals, one-third of the volatile organics, and several of the semivolatile 

organics and pesticides/PCBs detection limits exceed their respectwe ELs With the excepbon 

beryllium, the detection limits exceed the non-carcinogenic EL for the metals by less than an 
order of magnitude In these cases, the detection limits represent an HQ of less than 1 (sal1 

acceptable) The beryllium detection limit exceeds the carcinogenic EL by a factor of 

approximately 500 This represents a compromise to the program objectives, however, lower 

detection limits are difficult to achieve With respect to the organics, most of the detection limit 

exceedances are relative to the carcinogenic EL, and the exceedance IS approximately one order 

of magnitude Therefore, the detection limits represent a cancer nsk of approximately lo', 

which is within the acceptable range (lo4 to loe6) The detection limits exceed the non- 

carcinogenic ELs for carbon tetrachlonde, trans- 1,3-dichloropropene (t- 1,3-DCP), and cis- 1,3- 
dichloropropene (c-1,3-DCP) by more than an order of magnitude (HQ> 1) An order of 

magnitude decrease in detection limit can be achieved using the CLP gas chromatography 

(GC)/electron capture detector method for carbon tetrachlonde (GC/mass spectrometry 

[GUMS] methods are specified in the GRRASP ) Use of the GC method for this compound is 

not proposed because it is not expected to be present in background surface water or ground 

water However, adoption of this method may be prudent to demonstrate compliance with 

cleanup goals at an OU Both t-l,3-DPC and c-l,3-DCP co-elute with other organics using the 

GC methodology, and therefore, the GUMS method must be used 
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Table 3-5 

Exposure Limit Calculations 
For Noncarcinogenic Chemicals 

RfD X HQ X BW X AT 

IR X CF X ED X EF 
EL = 

EL = exposure limit for soil (mg/kg) or water (mg/4) 
I 

RfD = oral reference dose (mg/kg-day) 

HQ = hazard quohent (umtless) 
0 1  - - 

BW = body weight (kg) 
= 70 kg (adult), 15 kg (child) 

AT = averaging time (penod over which exposure is averaged) 
= ED x 365 days/year 

IR = ingesbon rate 
= 120 mg/day (soil), 201day (water) 

CF = conversion factor (1E-6 kg/mg for soil, 1 for water) 

ED = exposure duration (years) 
= 30 years (6 years as a child, 24 years as an adult) 

EF = exposure frequency (daydyear) 
= 350 daydyear 
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EL 

EL 

RISK 

BW 

AT 

IR 

CF 

ED 

EF 

CSF 

Table 3-6 

Exposure Limit Calculations 
for Carcinogenic Chemicals 

RISK X BW X AT 

Background Gwchanicd Charactcnzatlon Plan 
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IR X CF X ED X EF X CSF 

exposure limit for soil (mg/kg) or water (mg/t) 

1 E-6 

body weight (kg) 
70 kg (adult), 15 kg (child) 

averaging time @nod over which exposure IS averaged) 
70 years X 365 dayslyear 

ingestion rate 
120 mglday (soil), 24/day (water) 

conversion factor (1E-6 kg/mg for soil), 1 for water 

exposure duration (years) 
30 years (6 years as a child, 24 years as an adult) 

exposure frequency (dayslyear) 
350 dayslyear 

carcinogenic slope factor (kg -day/ mg) 
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Table 3-7 

Exposure Lmit Calculations 
for Radionuclides 

EL = RISK 
CSF X IR X ED X EF x CF 

EL = exposure limit for soil @Ci/g) or water @Ci/C) 

Risk = 1 E-6 

CSF = carcinogenic slope factor @Ci) I 

IR = ingestion rate 
120 mg/day (soil), 2Plday (water) 

ED = exposure duration (years) 
= 30years 

EF = exposure frequency (day/year) 
350 days/year 

CF = conversion factor g/mg for soil), 1 for water 
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I 1 

2E-2 

NA 

1 4 E-3 

NA 

NA 

6 E-2 

1 E-1 

1 E-1 

NA 

1 E-1 

I 
NA NA 

1 3 E-2 NA 

NA NA 

1 9 EO NA 

NA NA 

7 5 E-3 NA 

NA NA 

NA NA 

NA NA 

NA NA 

I 

Table 3-8 

Toxicity Values Used to Compute Exposure Limits for Soils and Water 

Substance 

Radionuclides 

uB3 

Urn 

UB5 

Urn 

II sP9 

PUM 

AmB' 

CS'3' 

H3 

Razz 

RaZB 

Metals 

Beryllium 

Cadmum 

Chrormum 

Mercury 

Nickel 

Oreanics - Volatile 

Chloromethane 

Bromomethane 

Vinyl Chlonde 

Chloroethane 

Methylene Chlonde 

Acetone 

Carbon Disulfide 

1,l-Dichloroethene 

1,1 -Dichloroethane 
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Table 3-8 (Conbnued) 

Toxicity Values Used to Compute Exposure Limits for Soils and Water 
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Table 3-8 (Continued) 

Toxicity Values Used to Compute Exposure Limits for Soils and Water 

NA Not available 
a The carcinogenic slope factor value for Benzo(a)pyrene ha5 been used for all B2 polycyclic aroinatic hydrocarbons (F'AHe) 
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Table 3-9 

Exposure K i t s  
for Soil/Geologic Materials 
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Table 3-9 (Continued) 

Exposure Limits 
for SoiYGeologic Materials 

1 1,2 2-Tetrachloroethane 
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Table 3-9 (Conbnued) 

Pyrene 

Benzo(a) Anthracene 

Bis(2-Ethylhexy1)Phthalate 
Chrysene 

Benzo(b)Fluoranthene 

Benzo&)Fluoranthene 

Benzo(a)Pyrene 

Indene( 1,2,3-cd)Pyrene 

Benzo(g,h, 1)Pefylene 

PesticideslPCBs 

Archlor 1254 

Beta-BHC 

Exposure Limits 
for SoWGeologic Materials 

~ ~- ~~~ 

212,000 NA 330 

NA 7 ,OOo 330 

142,000 53,600 330 

NA 7,000 330 

NA 70 330* 

NA 7 330 

NA 70 330* 

NA 7 ,OOo 330 

NA 7,000 330 

NA 1 05 160 

NA 441 8 

II I EL I EL I II Substance I Noncarcinogenic I Carcinogemc I Detect Lirmt 

NA Not Available 

* Delechon limts exceed ELs 
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Table 3-10 

Exposure Limits 
for Water 
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I Table 3-10 (Conbnued) 

Exposure Limits 
for Water 

EL EL Detection 
Substance Noncarcmogemc Carcmogemc Llrmt 

Oreanics - Volatile (contmued) 
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Table 3-10 (Conhnued) 

Pyrene 

Benzo( a) Anthracene 

Bl~(2-Ethylhexyl) 
Phthalate 

Chrysene 

Benzo(b)Fluoranthene 

Benzo(k)Fluoranthene 

Benzo(a)Pyrene 

Indeno( 1,2,3-cd)Pyrene 

Benzo( g ,h ,i)Perylene 

PesticidedPCBs 

Arochlor 1254 

Beta-BHC 

Exposure Limits 
for Water 

18 9 NA 10 

NA 43 10 

12 6 3 5  1 o* 

NA 43 10 

NA 0 43 10* 

NA 43 10 

NA 0 43 10* 

NA 43 10 

NA 43 10 

NA 0 66 1* 

NA 2 8  0 05 

I1 Substance 
Detection 

Limt I Noncaziogenic 1 CarcEtgenic I 
Semvolatiles (continued) ll T 

NA Not Available 

* Detection limits exceed ELs 
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In general, use of CLP methods, where appropnate, for the background program helps assure 

generabon of high quality data by adherence to a systemabc analytical program It should also 

be noted that the ELs established in this plan are based on a residential future use scenano (very 

conservabve) whereas the likely future use scenano to be advanced is an ecological reserve, i e , 
ELs would be higher Lastly, changing analybcal methods for those analytes whose current 

detecbon limits exceed ELs for organics (partmlarly chlonnated solvents) is an issue to be 

resolved in the OU RFI/RIs The issue will be significant in determining the extent of 

contamination and achieving cleanup goals (dunng remediabon) depending on the final 

remediabon goals that are established for the OU 

Detecbon limits for other parameters (e g , anions, indicators, etc ) have been routinely used for 

geochemical charactenzation They are of adequate precision and accuracy for the background 

geochemical charactenzabon 
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SECTION 4 

DATA ANALYSIS 

I 

I 

I '  
1 

I I  

This sechon descnbes the statishcal and geochemical methods used to charactenze the 

background chemistry at RFP, and how these background data may be compared to non- 

background or downgradient data It also discusses data validahon and quality control data 

The overall methodology for computing background statistxs is illustrated by the flow chart, 

Figure 4-1, which is adapted from the inihal RFP Background Report (EG&G, 199Oc) 

Figure 4-1 contams a number of explanatory notes Application of many of the more complex 

procedures is discussed in dea l  later in Section 4 

4.1 PRELIMINARY DATA ANALYSIS 

Avadable chemical data will be carefully reviewed in a mulh-step process to establish a reliable 

set of data upon which conclusions can be drawn, and to idenhfy recumng sampling or 

analyhcal problems that can be corrected in the future Chemical data are validated upon receipt 

from the analyhcal laboratory These data and validation results are stored in the Rocky Flats 

Environmental Database System (WEDS) for later retneval and use A number of quality 

control checks are run dunng the data entry process After background data have been retneved 

from WEDS they will undergo additional quality checks including review and interpretahon of 

field quality control data, and applicahon of a vanety of stahshcal and geochemical methods 

4.1.1 Data Validation 

Analybcal data will be reviewed and validated by an independent contractor not associated with 

the laboratory generating the data Results will be documented in data validation reports EPA 

data validahon funchonal guidelines will be used for validating metals data for CLP analytes 

Non-CLP data will be validated using data validabon guidelines that were developed by the 

EMD because such guidelines have not been published by EPA These non-CLP guidelines are 

based on EPA validahon funchonal guideline concepts and mlored to non-CLP analytical 

methods A listmg of validahon SOPS is avadable in the QAPjP (EG&G, 199Od) 
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These are three classes of data quality in the ER Program (1) "V"-Valid and usable without 

qualificabon, (2) "A"-Acceptable for Use with Qualificabon(s), and (3) "R"-Rejected 

(unacceptable) Valid data meet the following objective standards, where applicable 

*1 Analytical methods followed 

2 Acceptance cntena achieved 

3 
*4 QC limits achieved 

"5 

'6 Equipment/instrumentahon calibrahon cntena achieved 

7 Sampling holding bmes met 

* Pnmary validation cntena 

Sufficient number and type of QC samples analyzed 

Compounds and analytes correctly identified 

Data that are acceptable with qualification meet most, but not all, of the above standards At 

a minimum, all of the pnmary validation cntena are achieved within acceptable limits Only 

data qualified or "valid" or "acceptable" will be used in data analysis Data that have not yet 

been validated may be used on an intenm basis Rejected data that fad to meet pnmary 

validation cntena will not be used, except in special circumstances For example the initial 

Background Geochemical Charactenzation Report (EG&G, 199Oc) included some rejected data 

in order to compute preliminary stabstics for radiochemistry 

4.1.2 Field Oualitv Control 

Dunng the background field investigabon program, field blank and field duplicate quality control 

samples are collected in accordance with the RFP ER Program QAPjP (EG&G, 1990d) These 

samples will be reviewed to evaluate the quality of the ongoing sampling program Field blanks 

are used to monitor for sample cross-contamination and the effectiveness of the decontamination 

process The blanks are collected by nnsing decontaminated sampling equipment with distilled/ 

deionized water, placing it in the appropnate contamer, and preserving as required 

With respect to ground water and surface water samples, the field duplicates are collected 

following the actual sample collection using the Same sampling technique For soil samples, it 
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is necessary to split the core of the interval being sampled with the sample and duplicate 

collected from each of the splits using the same technique The data from the sample and 

duplicate will provide a measure of the sampling precision and sample homogeneity, i e the 

amount of error in the data attnbuted to sampling technique or to vanability in  the analyte 

concentrahon in the medium being sampled 

Precision is quanhfied by calculating the relative percent difference (RPD), i e the quotient of 

the difference between the duplicate analytical results and the average of those results for the 

given analyte expressed as a percentage 

% RPD = loO(C1 - C2)/(C1 + C2)/2 

where 

RPD = Relative percent difference 

C1 = Concentration of analyte in the sample 

C2 = Concentrabon of analyte in the duplicate 

The QC cntenon for laboratory duplicates is a +/-20% FWD for water and+/- 35% RPD for 

soil Although not directly applicable to field duplicates, these cntena represent benchmarks 

for evaluating field precision 

4.1.3 Treatment of DuDIicates 

Duplicates will be averaged for all analytes pnor to determining univanate statistics (Figure 

4-1) If a detected and non-detected value compnse a duplicate par, one half of the reported 

detection limit of the non-detected value will be averaged with the detected concentration The 

resulting averaged value will be evaluated as a detected observation 
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4.1.4 ReDlacement of Below Detection Limit Data 

The presence of data below the detection limit (nondetects) is a result of both the low levels (or 

absence) of some analytes within the background areas sampled relative to the magnitude of the 

analytical detechon limits In the case of multiple detection limits and to set an acceptable upper 

detecbon limit, all nondetects (ND) greater than 2 times the minimum reporting limit may be 

omitted (Ganseclu, 1991) For the purposes of exploratory data analysis, all other below 

detection limit (BDL) data will be replaced with one half the detection limit (DL) Helsel's 

(1990) method can also be used which fits a distnbution to the data (detects), and replaces 

nondetects with extrapolated values from the fitted distnbution (Figure 4- 1) The percentage of 

NDs will be tabulated with calculated descnptive statistics 

4.1.5 Geochemical Oualitv Checks 

The following geochemical cntena may be used to assess the general quality of ground water 

and surface water data 

0 Calculation of cabon-anion balances 

e Compmson of total dissolved solids (TDS) measured in the laboratory to TDS calculated 
from analybcal results 

e The compmson of field-measured specific conductance to TDS measured in the 
laboratory 

e Compmsons of field-measured pH to laboratory-measured pH 

It is recognized that pH is an unstable parameter and is most descnptive of a natural water when 

measured at the time of sampling However, the comparison of field-measured and laboratory- 

measured pH data is a useful data check The purpose of these cntena is to further check the 

consistency of the data, and to help identify transcnphon errors, field or lab instrument 

deficiencies, and other potential data problems Another purpose is to explore the data for 

trends and relabonships that indicate incomplete analyses, or geochemical changes between field 
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measurements and lab measurements Geochemical Methods of data analysis will be discussed 

in d e a l  later in Section 4 

4.1.6 Evaluation of Data Distribution 

The data distnbution of every analyte with less than 50% NDs and a sample size of at least 10 

by sample type will be evaluated in order to facilitate outlier detection, and in preparation for 

later statistical procedures (Figure 4- 1) 

Data will be plotted on probability plots, stem-and-leaf diagrams, or box plots, and descnptive 

statistics such as the coefficient of vanation, kurtosis and skewness, and the Shapiro-Wilk 

statistic (a normality test) will be calculated If the resultmg plots, descnptive statistics and test 

stahstics indicate that the data may not be normally distnbuted, the data may be transformed by 

computing the natural log of the raw data The distnbution of the transformed data will be 

evaluated in the same manner Alternatwely the method of Devore (1987) may be applied to 

the raw and log transformed data Devore’s Method uses the Pearson correlation coefficient to 

examine the correspondence between ranked data and a Z-score The distnbution of data will 

be assumed to be either normal, or log normal The distnbutton that best fits the data will be 

used in subsequent outlier evaluation and statistical tests 

4.1.7 Outlier Detection 

An outlier is an extreme observatlon that does not conform to the pattern established by other 

observahons and is unlikely to be a valid member of the populabon of interest An outlier may 

be the result of an incorrectly read, recorded, or transcnbed measurement, an incorrect 
calculabon, an error in documentahon (field or laboratory), or an actual environmental 

condiaon 
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To evaluate the presence of outliers, the following procedure will be applied to each analyte by 

sample type 

1 The data, or log transform of the data will be plotted on normal probability plots 

or box plots to identify extreme values 

2 Extreme values identified from the plots will be statisbcally tested using the single 

outlier test defined in ASTM (1975), and descnbed in the RCRA guidance 

document (EPA, 1989) Alternatively, outlier tests such as those of Dixon 

(1953), or Rosner (1975) may be applied (Figure 4-1) 

3 The identified outlier will be evaluated with respect to the historical data trend, 

possible irregulanbes in sampling, and laboratory conditions such as matnx 

interference in an attempt to determine why the data is aberrant 

4 A decision will be made on how to handle the outlier If the outlier resulted from 

a correctable error, the value will be changed, and the correct value will be 

included in the data set If an error cannot be idenhfied, the datum may be 

excluded from subsequent statistical analysis in the professional judgment of the 

statistician or geochemist However, if one or more data points are excluded, the 

rationale for the exclusion will be discussed in the text of the report 

4.2 EVALUATION OF POPULATIONS 

This subsecbon presents the approach and statistical methods that will be used to establish 

appropnate populations for background geochemical results 

4.2.1 Definitions 

Before presenbng stabsbcal methods for defining background populations, some statishcal 

definibons are in order A population is a well-defined set of all possible observations All 

ground water at the RFP is a populabon A subpopulutzon is a well-defined subset of the 
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populahon A sample is a small subset of the populabon taken to represent the larger 

population An observatzon is a measurement on the smallest sampling unit One geochemical 

analysis or set of analyses is an observation While this observation is based on a ground water 

sample, a ground water sample is not a statistical term and should not be confused with a 

stahstical sample Multzvanate is an adjective indicatmg that there is more than one dependent 

vanable (analytes in the stahstical models), unzvanate is an adjechve indicatmg that there is only 

one dependent vanable 

A classzjication factor is a cntenon by which an observation may be grouped For a ground 

water observahon, the onginating water beanng unit is a classification factor The water beanng 

units that were sampled (Rocky Flats Alluvium, colluvium, valley fill alluvium, weathered 

bedrock, etc ) are levels of the classification factor A one-way stahstical test evaluates the 

sample with respect to one classification factor (although many levels may be involved), a n-way 
statistical test evaluates the sample with respect to n classification factors 

4.2.2 SamDle Media 

Six media (geologic matenals, ground water, stream sediment, stream water, seep sediment, and 

seep water) have been sampled at RFP Four of these media can be classified into groupings 

that may represent subpopulations 

0 Geologic matenals were sampled by geologic unit, for example Rocky Flats 
Alluvium, colluvium, and weathered bedrock 

0 Ground water was sampled as Rock Flats Alluvial ground water, colluvial ground 
water, valley fill ground water, weathered bedrock ground water, and 
unweathered sandstone ground water 

Sediments were sampled as Rock Creek sediment and Woman Creek sediment 

0 Surface water was sampled as Rock Creek surface water, Woman Creek surface 
water, and Smart Ditch surface water 

Walnut Creek will not be included in the background charactenzahon because most of its 

dmnage basin is downgradient of the FWP facilities and IHSSs such as the West Spray Field 
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Samples were collected from each of these groups because pnor to sampling it was not known 

if the subpopulations were geochemically distinct A background sample made up of 

geochemically different subpopulations would result in extraneous vanability in the background 

sample, and consequently, a poor charactemahon of background geochemistry 

Seep sediments and seep surface water were identified as separate media in the process of the 

data analysis undertaken in the 1989 Background Geochemical Characterization Report (EG&G, 

1990~) and subsequent EPA comments (EPA, 1991b) 

Other possible sources of vanability are location with respect to the m a n  plant for geologic 

matenals and ground water, and seasonality for ground water and surface water (1 e , vanations 

over time) 

4.2.3 Selection Criteria 

Parametnc mulbvanate analysis of vmance (MANOVA), parametnc and nonparametnc analysis 

of vmance (ANOVA), and Chi-squared conbngency tables, are proposed to evaluate the effect 

of the proposed classificabon factor(s) on the populabon of each sample type As shown in 

Figure 4- 1, this evaluation is based upon the percentage of detected observations by analyte and 

the number of observations avalable If less than 50% of the observations were detected, Chi- 

squared conhngency tables are appropnate If the percentage of detected observations IS greater 

than 50% up to and including 85%, the appropnate test is a nonparametnc ANOVA A 

nonparametnc test is better suited to handle the associated percentage (15 to 50%) of nondetects 

than a parametnc test If the percentage of detected observations is greater than 85%, this 

analyte will be evaluated, with similar analytes, in a parametnc MANOVA or parametnc 

ANOVA with other related statistical tests as descnbed below 

ANOVA is a statistxal procedure for determining if there is a difference between the average 

values of a vanable (1 e , the dependent vanable) for different levels of a classificabon factor(s) 

(I e , the m a n  effects) An ANOVA model with "n" classification factors is called a n-way 

ANOVA model If the classification factors are specified in the model, the classification factors 

are termed "fixed If there is more than one dependent vanable in the model, it IS called a 
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MANOVA model For the most part, this study uses 1-way, 2-way and 3-way, fixed-effects, 

parametnc MANOVA and ANOVA models, and 1-way, fixed-effects, nonpararnetnc ANOVA 

models 

4.2.4 ANOVA DesiPns 

Table 3-4 lists the analytes (dependent vmables) sampled for as part of the background 

program As discussed in Sechon 3,  not all analytes were measured in the inihal rounds of 

sampling Dissolved radiochemicals were not analyzed subsequent to the first round of 

sampling It should be further noted that many radiochemical analyses for geologic matenals 

collected in 1989 were rejected dunng validation 

Fixed effects statistical models are proposed in Table 4-1 where these possible sources of 

variability are idenbfied as classification factors 

Surface water collected at seeps (surface water stations SW080, SW104, and SW108) will be 

evaluated for seasonality by ANOVA, MANOVA, and by the Seasonal Kendall Test or Mann 

Kendall Test (Gilbert, 1987) Missing observahons due to dry sampling stations are expected 

Seep water was idenhfied as a separate sample type in the process of data evaluation, agency 

comment and comment response associated with the 1989 Background Geochemical 

Charactenzation Report (EG&G, 1990c) 

Stream surface water will be evaluated for two classificahon factors dramage and seasonality 

Only two levels of dramage will be evaluated Rock Creek and Woman Creek Observations 

collected at surface water stahon SW007, located on a ditch in the Walnut Creek dramage will 

not be used to represent Walnut Creek in statishcal analyses However, data onginating from 

SW007 will be reported in the appendices of future background reports Surface waters from 

streams have been sampled monthly Future collechon will be restncted to a quarterly basis 

Missing data due to dry sampling stations are expected 
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Table 4-1 

Summary of Statistical Models by Sample Type 

Rock Creek 
Woman Creek 

Rocky Flats Alluvium 
Colluvium 
Weathered Bedrock 

Northern Buffer Zone 
Southern Buffer Zone 

-~~~ 

Sample Type 

6 

18 

S=P 
Surface Water 

Stream 
Surface Water 

Ground Water 

Stream Sediments 

Geologic Materials 

Classification 
Factors 

Seasonality 

~- 

Dramage 

Seasonali ty 

Aquifer 

Location 

Seasonali ty 

~~ 

Drainage 

Formation 

Location 

Max No 

Levels Sampling 
Locations 

Wrnter 

Summer 
Fall 

Rock Creek 
Woman Creek 

Winter 

Summer 
Fall 

SPMg 

Spring 

Rocky Flats Alluvium 51"' 
Colluvium 
Valley Fill 
Weathered Bedrock 
Unweathered Sandstone 

Northern Buffer Zone 
Southern Buffer Zone 

Wmter 

Summer 
Spring 

Fall I 

a Number of sampling locations available In any one event may be reduced due to 
insufficient water 

Not all sampling locations were in use at the start of sampling 

Multiple samples taken at vanous depths at each borehole Colluvium and weathered 
bedrock samples collected in the Same boreholes Total number of samples (exduding 
field duplicates and rednlls) is 119 samples 
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Ground water will be evaluated for three classification factors water b a n g  unit, location, and 

seasonality Ground water is collected quarterly, missing data due to dry sampling stations are 

expected Seasonality will be evaluated as for surface water 

Seep sediments are collected quarterly and will not be evaluated for any classification factors 

The limited number of background seep locations avadable for sampling are not adequate for 

statishcal cornpansons by location Seasonality effects are sometimes observed as natural 

waters but are not expected in solids such as sediment and geologic matenal 

Stream sediments will be evaluated for one classification factor - dmnage Only two levels 

of dramage will be evaluated Rock Creek and Woman Creek Observations collected at 

sediment station SED004 located on a ditch in the Walnut Creek dmnage will not be 

incorporated in the stream sediment statistical analyses However, data onginating in SED004 
will be reported in the appendices of future background reports 

Geologic matenals will be evaluated for two classification factors formation and location 

4.2.5 Parametlrc MANOVA and Related Tests 

l MANOVA and related stahshcal tests will be applied in the following hierarchical manner 

, 1  
I 
I 

II 

(1) Mulhvanate test of class(es) (null hypothesis no class effect) 

(2) If the null hypotheses of the multivmate tests are rejected, then an n-way (by 

class) parametnc ANOVA test for each analyte will be evaluated (null hypothesis 

no class effects for an individual analyte) If this test is not significant for a 

given analyte, no further testing will be done and the sample will not be 

subdivided for the analyte 

(3) If the null hypothesis of one or more classes in the parametnc ANOVA is 

rejected, then mulnple cornpansons tests (Bonferroni tests) will be conducted to 

idenbfy which levels of the classes are different from each other (null hypothesis 
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no differences between levels) The results of these tests will be used to 

determine how the sample should be subdivided for the calculation of background 

descnptive stahstics 

Because use of the pararnetnc MANOVA will provide a more sensitive analysis of the 

background geochemical data, it will be the preferred statistical test However, in order to 

reduce the likelihood of Type I errors due to excessive nondetects, MANOVA will only be 

applied if greater than 50% of the analytes are avalable, and these analytes each have less than 

15% nondetects In order to increase the likelihood that residuals will be normally distnbuted, 

raw data may be mathemahcally transformed (e g , natural log of the raw data) for some 

analytes 

Two assumphons that underlie the use of parametnc ANOVA and MANOVA will be evaluated 

pnor to the acceptance of the results 

e Residuals are normally distributed 

e Residuals have equal vanances 

A residual is the difference between a measured value and the predicted group mean Residuals 

that are calculated in the course of the MANOVA will be saved and analyzed for normality and 

homogeneity of vmance 

4.2.6 Test of Assumptions for MANOVA/ANOVA 

4.2.6.1 Tests of Normality 

I 

II 

Normality of the residuals will be evaluated by examining 

e 

e 

e 

Descnphve stahshcs (e g skewness, kurtosis, coefficient of vanation) 

Statistical graphics (e g normal probability plot, box plot) 

Stahshcal tests (e g , Shapiro-Wilks test, Devore Method) 
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If the residuals are not normally distnbuted, it will be determined if the degree of non-normality 

is sufficient to invalidate the relatively robust ANOVA or MANOVA test 

If the departure from normality is substantial and if data transformahons cannot achieve 

normality, then nonparametnc stabstical methods will be used for evaluating the data instead of 

the parametnc ANOVA or MANOVA 

4.2.6.2 Testing Homogeneity of Variance 

Vanance is a measure of dispersion of a set of observations around the mean of a random 

variable The F-test will be used to test the equality of vmance between residuals from two 

levels Bartlett’s test or Levene’s test as outlined by Snedcor and Cochran (1980, p 252-254) 

will be used to test the homogeneity of vanance for residuals from more than two levels 

4.2.7 Nonparametric ANOVA 

A nonparametric ANOVA evaluates differences in the mean ranlungs of the data (rather than the 

raw data or transformations of the raw data) for subsets of the data defined by levels of a 

classification factor However, the nonparametnc tests are less powerful (less sensitive to 

actual differences in means) than pararnetnc tests especially when the sample size is small (I e , 
there are relatively few samples) 

The nonparametnc test used will be the Wilcoxon rank-sum test for a companson of two levels 

and the Kruskal-Wallis test, an extension of the Wilcoxon rank sum test, for companson of more 

than two levels Both tests 

analyze ranks of data using Wilcoxon scores 

Both of these tests are outlined in Gilbert (1987, p 247-252) 

The nonparametnc ANOVA is a univanate one-way ANOVA Consequently, each vanable will 

be evaluated individually (1 e there will be no nonparametnc n-way univanate test) Where the 

stabstical models for a given sample type have idenbfied multiple classification factors, the 

nonparametnc ANOVA will be run separately by analyte for each classification factor Multiple 

companson tests between levels will not be conducted 
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4.2.8 Chi-Sauare Continnencv Tables 

Conhngency tables evaluate univanate count or frequency data assignable to multiple levels of 

one classificahon factor Statishcal inferences on the validity of the null hypothesis (frequencies 

of analyte detechon and nondetechon are equal at all levels) are based upon the comparison 

using the actual observed frequency of analyte detection and nondetection to the expected 

frequency of analyte detechon and nondetection 

For those sample types with more than one classificahon factor, a contingency table will be used 

to evaluate each classification factor If the null hypothesis is rejected, an examination of the 

counts will be used to understand the differences 

No chi-square contingency table analysis will be evaluated where any cell size contains less than 

five observations in more than 20% of the cells in order to retam sensitivity to actual differences 

between groups 

4.3 CALCULATION OF DESCRIPTIVE STATISTICS 

Once the appropnate geochemical population has been determined for each analyte, the following 

procedures will be applied to the respective statistical sample 

e 

e 

e 

The maximum and median concentrabons will be identified 

The percentage of IUDs will be calculated 

Based on the evaluated data distnbuhon, the mean, variance, and standard 
deviahon will be calculated if the sample contams only detected concentrations, 
or they will be eshmated through the Cohen procedure (see Appendix B) if 
nondetects are present in the sample 

Tolerance limits will be computed e 

4.3.1 Cohen Procedure 

Cohen (1961) developed a maximum likelihood estimator of mean and standard deviation where 

greater than 50% of the data has been detected Because this procedure is designed to evaluate 



data censored with a single DL, the minimum detection limit will be used when multiple 

detection limits are present in the data set Cohen's procedure in discussed in dew1 in 

Appendix B 

4.3.2 Statistical Formulas 

For normally distnbuted samples the following formulas for sample statistics will be used 

Median 

The median will be estimated by the 50% quantile provided by the SAS" Univanate Procedure 

where 

1 "  x'= -E x, 
i=1 

- 
X = anthrnetic mean of untransformed results 

n = number of observations 

x, = the i* concentrabon (observation) 

Variance 

where s2 = vatlance of untransformed result 
X = sample mean of untransformed results 

n = number of observations 

x, = the 1" concentration (observation) 

- 
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' I  Standard Deviation 

I I 
I 

where S = standard deviation of untransformed results 

S2 = sample vmance of untransformed results 

I For lognormally distributed samples, the following formulas for sample statistics will be used 

I 

' I  Median 

The median will be estimated by the antilog, of the 50% quantile of the log, transformed data 

provided by the SAS" Univanate Procedure I 
I Mean 

where PI = minimum vanance unbiased (MVU) estimator of the 

mean of the untransformed data after Sichel (1966) 

Y = mthmetic mean of the lognormally transformed data 
- 

tl - - s,2/2 

s,z = vanance of lognormally transformed data 

W , t )  = is a function defined by an infinite series 

(n-1) t + +1)3 t2  + n-115 t 3  'f (n,t) = 1 + 
n 21 n2 (n + 1) 31 n3 (n+l)(n+3) 

+ (n-1)' t4  
41 n4 (n+l)(n+3)(n+5) 

+ 

I 
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Variance 

where 3 = MVU estimator of a two parameter lognormal distnbution 

after Finney (1941) 
- 
Y = anthmetic mean of lognormally transformed data 

\k(n,t) = 

n = sample size 

the function given above 

t2 = 2 sy* 
t3 = sy2(n-2)/(n- 1) 

sy2 = vmance of lognormally transformed data 

Equations for mean and vmance of lognormally transformed data are discussed in Gilbert (1987, 

p 165-166) For sets with missing data, y, 3, 3' will be estimated with the Cohen procedure 

4.3.3 Tolerance Limits 

Tolerance limits define a range that contams at least p% of a population with P% probability 

(level of confidence) A probability (level of confidence) is associated with the tolerance limits 

since they are estimated from the data set and therefore have some level of uncertamty associated 

with them For the tolerance limit to be useful in decision malung, both "p" and 'IP" are chosen 

to be large, in  this case p=O 95 and P=O 95 Tolerance limits are either one-sided or two- 

sided Two-sided tolerance limits are appropnate for pH data where values either larger or 

smaller than background may be associated with contaminahon A one-sided tolerance limit is 

appropnate for all other constituents for which increases over background are indicatwe of 

potential contamination 

Pararnetnc tolerance limits will be calculated for normally and lognormally distnbuted 

background data as appropnate The evaluation of the distnbution of background data is 
addressed in Subsechon 4 4 1 
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The equation for the 95% tolerance limits of normally distnbuted data is 

95% Tolerance Limits 

where L, = lower 95% tolerance limit 

L, = upper 95% tolerance limit 
X = mean of the sample population of size n 
S = standard deviation of the sample population 

K = the normal tolerance factor (Dependent on p, P, n and on 
whether the limit is one sided or two sided ) 

- 

The equation for the 95% tolerance limits of lognormally distnbuted data is 

UuDer 95% Tolerance Limit 

Lz = exp6 + Ks,,) 

where L, 
Y 
K 

- 
= Upper 95% Tolerance Limit 
= 

= 

average of log, transforms of raw data 

the normal tolerance factor (Dependent on p, P, n 
and on whether the limit is one sided or two sided 
[Table 4-21 ) 

No lower limit equation is provided because pH is not expected to have a lognormal distnbution 

The calculation of the background mean and standard deviauon for these equations is discussed 

in Subsection 4 4 3 
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Table 4-2 

Tolerance Factors for Normal Tolerance Limits 
for 95% Population at 95% Confidence 

It 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
35 
40 
45 
50 
60 
80 
100 
200 
500 
lo00 
inf 

- Two-Sided One-sided 

37 67 
9 916 
6 370 
5 079 
4 414 
4 007 
3 732 
3 532 
3 379 
3 259 
3 162 
3 081 
3 012 
2 954 
2 903 
2 858 
2 819 
2 784 
2 752 
2 723 
2 697 
2 673 
2 651 
2 631 
2 612 
2 595 
2 579 
2 554 
2 549 
2 490 
2 445 

2 379 
2 333 
2 272 
2 233 
2 143 
2 070 
2 036 
1 960 

7 655 
5 145 
4 202 
3 707 
3 399 
3 188 
3 031 
2 911 
2 815 
2 736 
2 670 
2 614 
2 566 
2 523 
2 486 
2 453 
2 423 
2 396 
2.371 
2 350 
2 329 
2 309 
2 292 

2 220 
2 166 
2 216 
2 092 
2 065 
2 022 
1 965 
1 927 

1 763 

1645 
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4.4 GEOCHEMICAL EVALUATIONS 

Stabsbcal tests can idenbfy a trend or a statistical difference, but geological, chemical, and 

hydrological pnncipals must be applied to understand the geochemical ongin and significance 

of the statistical results Previous sections of this plan have discussed how background samples 

will be collected, and chemically and statistically analyzed This section discusses how the 

background data will be geochemically evaluated 

4.4.1 Geochemical Data Review 

In addibon to stabsbcal screening, the raw background data sets will be examined for 

"geochemical reasonableness," e g , chemical concentrations are within expected ranges, there 

is electroneutrality , gravirnetncally determined dissolved solids concentrations approximate the 

sum of the cations and anions, etc If  errors are identified in the review, they will be corrected 

Results that remam "geochemical outliers" after investigation may be excluded from further data 

analysis based on the professional judgement of the geochemist However, any data that may 

be excluded from future background reports will be discussed in the text of the report 

As an example of the above process, a ground water pH value of 2 0 would be highly anomalous 

in background regions of RFP and might indicate a new source of contamination However, if 

earlier and later pH measurements from the same well are consistently several pH units higher, 

then it is likely that the pH 2 0 value was erroneously measured, possibly on a water sample that 

had been preserved with acid The value would be omitted from further analysis and discussed 

in the text 

Geochemical data screening may uncover a variety of potenbal errors such as inconsistencies in 

concentrahon units For example, trace element concentrations reported in the 300 milligrams 

per liter (mg/t) range when they should be in the 300 micrograms per liter (pglt) range A 

more subtle data problem is inconsistent stoichiornetnc units For example, some older nitrate 

analyses in WEDS were reported by the laboratory in milligrams per liter as NQ, while the 

usual prachce today is to report nitrate in milligrams per liter as N Substantial errors can result 
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from incorrectly mixing nitrate results that have been reported in the two units because equal 

nitrate concentrations will then differ by a factor of approximately 4 2 

Zero values are suspect for most chemical parameters, especially for field parameters specific 

conductance, dissolved oxygen and pH While dissolved oxygen in ground water can truly have 

concentrations like 0 0 or 0 1 mg/4, zero has sometimes been used in older data as a missing 

value flag to indicate "not measured " 

Because all water samples are electncally neutral, milliequivalents of cations and anions must 

balance The background water quality data will be checked by plotting cation versus anion 

milliequivalents Acceptable analyses should have charge balance errors of less than 15% 

Total dissolved solids (TDS) measured in the analytical laboratory will be compared agamst TDS 

computed from the analyzed major ion chemistry If the measured TDS is consistently much 

larger than the computed TDS, it is a good indication that one or more relatively abundant 

dissolved substances in the water samples were not analyzed for 

Another check of data consistency is provided by plotting specific conductance measurements 

versus TDS (either measured or computed) Linear regression analysis should yield a high 

correlation coefficient 

Because pH data are cntical to geochemical modeling, it is useful to plot pH measured at the 

hme of sampling (field-measured pH) versus pH measured later in the analytical laboratory The 

lab and field values will usually differ because pH is an unstable parameter best measured zn 
situ, or at the bme of sampling However, if no gross errors have been made, the lab and field- 

measured pH data should still agree within plus or minus 1 5 pH units 

4.4.2 Seasonalitv Investieations 

Natural water chemistry data often vary seasonally as a function of local weather patterns, 

including the amount of ramfall and snowmelt If background aqueous chemical concentrabons 

vary significantly on a seasonal basis at RFP, it may be necessary to compute separate 
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background stahstics by season If seasonality effects are significant, and seasonality is ignored 

(obscured) by combining data from all seasons, the larger vanance of the combined data set 

would result in wider tolerance intervals This would make it more difficult to distinguish 

potenhal downgradient contamination from background at RFP 

As discussed earlier, seasonality will be tested at RFP by compmng quarterly water quality data 

in analysis of vanance procedures and with the Mann-Kendall, or seasonal Kendall stamtical 

tests Because natural chemical concentrations may vary with stream discharge, flow-adjusted 

concentrahons will be generated by regressing analyte concentration versus stream flow, and 

using the seasonal Kendall test for trend on the residuals from the regression (Gilbert, 1987) 

This latter test will depend upon the avadability of sufficient discharge measurement data for 

Rock Creek and Woman Creek Several years worth of background monitoring data will be 

required to start evaluating seasonality 

Seasonality may show up in simple "time senes plots" of the concentration of selected analytes 

versus date of sampling at a given stahon Discharge data could also be used to make a three 

dimensional plot 

Seasonal effects can not be tested in geological matenals because boreholes are dnlled and 

sampled only one time at a given location Furthermore, rock matenals and seep and stream 

bed sediments have relahvely long residence times compared to natural waters Therefore, 

although bed sediments are sampled quarterly, basically the same solids are collected each Qme 

and seasonality will not be considered for these solids Vanability between samples of geologic 

solids collected from the same site are believed to be the result of natural heterogeneities in the 

solids and analytical vanance 

4.4.3 Water Oualitv Trends 

Surface water and ground water data from RFP will be examined using several types of standard 

geochemical plots Sbff, Tnlinear, and Shoeller diagrams While these plots differ in format 

and number of conshtuents, they all use major ion chemistry to help classify and compare 

natural waters from different host rocks or stream dramages For example, plotting 1989 ground 
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water data on tnlinear diagrams indicated similar major ion chemistry in the background alluvial 

units, and quite different water types in unweathered bedrock units (EG&G, 199Oc) Small scale 

Stiff diagrams can be plotted on an RFP site-wide base map to visually illustrate how the major 

ion chemistry of ground water changes on a site-wide scale 

The initial Background Report (EG&G, 1990c) attempted to look at trends in surface water 

quality in the downstream direction, and evolution of ground water chemistry along the flow 

path However, these efforts met with limited success for several reasons One of the limiting 

factors was that background sampling locations are restncted to a relatively small area of the 

RFP buffer zone upgradient of known IHSSs and buildings Downgradient trends in water 

chemistry tend to be subtle and are not easily recognized over the short background distances 

avmlable at FWP 

Future background reports will try to detect subtle evolutionary changes in ground water 

chemistry by including data from selected downgradient (non-background) monitoring wells to 

obmn a longer flow path Use of both background and non-background wells will allow 

construction of chemical cross sechon maps, which should have data that represent most of the 

breadth and width of the 10 square mile RFP property The concentrations of selected chemicals 

will be plotted as a funchon of distance along a flow path on these maps 

With respect to surface water, if permission can be obUned from downstream landowners, it 

may be possible to add off site background stations for surface water sampling on lower Rock 

Creek Also, the flow path of Woman Creek can be extended on chemical cross sections by 

including data from existing downgradient stations on RFP property However, surface water 

quality trends with downstream distance are difficult to establish because surface waters flow 

rapidly compared to ground water, and surface water quality may be effected by storm events 

of short durabon Therefore, the most meaningful compmsons of surface water quality 

downgradient require sampling of all of the stations over a very short time period Due to 

limited avalability of water sampling personnel, background stations are sampled along with 

non-background stations of other monitonng programs at RFP, and surface water stations on a 

given dramage have histoncally been sampled over several days or longer An attempt will be 

made to repnontize the order in which stahons are sampled to reduce this problem Storm event 
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data must be taken into account when plothng surface water quality agamst downstream distance, 

even when samples have been collected on the same day 

Besides using geochemical cross sechons, background chemical trends in RFP ground water may 

be mapped in two dimensions by generating "isochemical maps I' An isochemical map shows 

concentrahon isopleths for a chemical from a particular sampling medium (e g sulfate in Rocky 

Flats Alluvial ground water) plotted on an RFP base map Obviously, downgradient data will 

have to be included in these maps if they are extended beyond background areas and used to 

indicate site-wide chemical trends Inclusion of downgradient data rases the possibility of 

ground water contaminahon (from IHSSs) supenmposed on the natural site-wide chemical trend 

If chemical anomalies due to polluhon are observed, they will be mentioned in the background 

report 

Geochemical ratio maps plot and contour concentration ratios (of elements or ions), or activity 

ratios (for radionuclides) on a base map Ratio maps may be particularly helpful in interpreting 

the sources of radionuclides in vanous media For example, Krey (1976) used Pu-24O/Pu-239 

activity ratio data measured in soils to dishnguish Pu of RFP ongin from Pu from atmosphenc 

fallout in  the Denver area This was possible because RFP Pu has a very different Pu-24O/Pu- 

239 ratio than does fallout Other activity ratio maps such as U-235/U-238, or gross alphdgross 

beta may be useful in identifying uranium of potential RFP ongin from naturally occurring 

uranium in vanous background media 

Ratio maps like (Ca+Mg)/(Na+K) may be useful for mapping changes in RFP ground water 
chemistry, which are potenhally the result of cation exchange processes 

At the time of wnting, a pilot study is underway, directed by Dr Jim White of the University 

of Colorado, to measure and interpret stable isotope (hydrogen and oxygen isotope) and tntium 

data in ground waters from RFP These stable isotope rabos may be of value in studying mixing 

of ground waters from different geologic units present at RFP The tritium data may help to age 

date the ground waters as "prebomb" or "postbomb 'I If the pilot study is successful, a larger 

scale study will proceed that will cover both background and non-background areas of RFP 

Because of this separate study, stable isotope data will not be incorporated into the background 
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program, except by reference 

samples will probably be compared to tntium in underlying sediments 

However, background tntium data measured in surface water 

4.4.4 Geochemical Modeling 

Geochemical models are computer programs that embody chemical pnncipals in mathematical 

form These programs can be used to study and help interpret the chemistry of natural waters 

as well as water and mineral interactions They can be used to study the relative importance of 

fundamental chemical processes such as dissolution and precipitation, ion exchange, adsorption, 

and oxidation and reduction 

Geochemical modeling will be used as an interpretive tool in studying ground water background 

chemistry at RFP A number of widely used geochemical models are suitable for this work, 

including among others PHREEQE, MINTEQA2, and vanous descendants of the WATEQF 

model (Parkhurst et al , 1980, Brown and Allison, 1987, Plummer et al 1976, respectively) 

Each model has particular strengths and weaknesses, and several models may be used for 

different purposes 

The PHREEQE model of Parkhurst, Thorstenson, and Plummer (1980) provides a good example 

of the utdity of geochemical models Input to PHREEQE consists of analyzed ground water 

chemistry and field measurements such as pH, water temperature, and dissolved oxygen content 

PHREEQE uses an extensive thermodynamic database to compute the equilibnum distnbution 

of dissolved species in the water The model then computes the state of saturation of the water 

with respect to a large number of solid phases This helps interpret the processes talung place 

in the ground water For example, if Rocky Flats alluvial ground water is found to be 

supersaturated with respect to calcite, then we may assume that caliche or calcium carbonate 

cement could be precipitatmg from this water On the other hand, if the water is undersaturated 

with respect to calcite, caliche should tend to dissolve when in contact with this water 

PHREEQE can model other types of problems such as predicting the final water chemistry that 

should result from the mixing of two different ground waters 
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Geochemical modeling will be limited by the avadability of demled mineralogical data and site- 

specific adsorpbon data for RFP Efforts, independent of the Background Program, are 

underway to attempt to collect these data 

4.5 3 

Background and non-background data cornpansons are not a part of the background study 

However, these compmson techniques will be of interest to users of the statistics provided by 

the background program 

4.5.1 Selection of Evaluation Methods 

Where intra-well compmsons over bme are required to ensure continued background status of 

downgradient wells, control charts are an appropnate procedure Construction of control charts 

is discussed in many statistics textbooks 

Where compmsons of background and non-background areas are required, the following 

procedures may be implemented 

(1) Categonze the non-background observahon(s) by classification factors and levels 

previously idenhfied for that medium in Sechon 4 3 3 2 For example, a sample 

of geologic matenals might be evaluated for locahon and formation 

(2) Identify the appropnate background samples in which these levels of the 

classification factors are found Note background samples may change depending 

on the analyte to be compared For example, the background report for iron may 

indicate a background sample for Rocky Flats Alluvium and colluvium without 

regard to location For calcium, the background sample may be Rocky Flats 

Alluvium, north of the Plant 

(3) By analyte, compare the tolerance limit of the background sample, if avadable, 

to the non-background concentrabon 
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I 
For those 

avalable, 

analytes where a tolerance limit of the appropnate background 

backgroundhon-background cornpansons may be made using 

population is not 

the frequency of 

detected observations This analysis, test of proportions, necesmly requires multiple non- 

background observations The minimum number of non-background samples increases wi th 

lower detection frequencies Procedures for Test of Proportions are outlined by the EPA (1989, 

P 8-31 
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APPENDIX A 
SUMMARY OF KNOWN OR SUSPECTED 

ENVIRONMENTAL CONTAMINATION AT RFP 

In January 1991, the IAG was signed by the DOE, EPA, and CDH estabhshmg the schedule for 

environmental restoration activities at RFP The IAG replaced a 1986 Comphance Agreement 

reflecting new requlrements of the Superfund Amendments and Reauthonzation Act and helps 

to clanfy cleanup pnonties 

The IAG orgames the 178 MSSs (see Plate 1) at the plant mto 16 larger areas-termed 

operable units (OU) The OUs are ranked and assigned schedules accordmg to cleanup pnonty 

The schedule provides for intern remedial action at several of the OUs whde mvestigations 

continue in support of final remedial action The 16 operable umts are designated as follows 

OU1 881 Hillside Areas 
OU2 
OU3 Offsite Releases 
OU4 Solar Ponds 
OU5 Woman Creek 
OU6 WalnutCreek 
OU7 Present Landfill 
OU8 700Area 
OU9 Ongmal Process Waste Lmes 
OUlO Other Outside Closures 
OU11 West Spray Field 
OU12 400/800Area 
OU13 100- 
OU14 Rachoactive Sites 
OU15 Inside Burlding Closures 
OU16 Low-Pnonty Sites 

903 Pad, Mound and East Trenches Areas 

The IAG provides mrlestones for the activities and documentation requmments for remediahon 

of the 16 operable umts accordmg to the Resource Consemahon and Recovery Act (RCRA) and 

the Comprehensive Envlronmental Response, Compensatson and habhty Act (CERCLA) The 

mrlestone schedules currently extend mto August 2001 
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OU1 - 881 Hillside Area 

The m a n  concern at OU1 is the conhmabon of ground water and soil by volatile compounds 

(VOCs) Pnor to 1972, workers stored drums contamng solvents on the ground east of 

Buildmg 881, subsequently, some of the contamers leaked Other MSSs at OU1 mclude 

chemical waste pits, an outfall area, out-of-service fuel tanks, and buned, radionuchde- 

contaminated sods 

OU2 - 903 Pad. Mound, and East Trenches Areas 

Former waste storage practices resulted m contammation of sod, surface water, and ground 

water at OU2 At the 903 Pad, drums contamng plutomum-contaminated lathe coolant were 

stored on the ground, later, these drums were removed and the area was capped with asphalt 

At the Mound area, slmdar drums were buned and later removed Wlule the drums exlsted at 

these two areas, some leaks occurred, and sod removal may have resulted m wmd dispersion 

of contammants At the East Trenches Areas, drums contamng radioactive waste and smtary 

sewer sludge were buned, some of whch remm m the trenches Also, sewer plant effluent was 

spray lmgated on nearby land The vanety of contammants at OU2 mcludes VOCs, other 

orgmcs, radionuchdes, and metals 

OU3 - Off-Site Releases 

Some off-site land and reservoas near the RFP may have been contammated by releases from 

the RFP, pnmanly plutomum and amencium Affected areas mclude the s h e n t s  m three 

reservoirs (Great Western Reservolr, Standley Lake, and Mower Reservoir), plus some land east 
of Indiana Street, whch is east of the RFP boundary Wmd resuspended plutomum- 

contammated sod from the 903 Pad, and waterborne releases from the plant m the 1950s, 1960s, 

and 1970s are the potential sources of the off-site contammabon 
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OU4 - Solar EvaDoration Ponds 

The Solar Evaporation Ponds were used to store low-level radioactive waste, smtary treatment 

plant effluent, and contammated ground water collected downgradient of the ponds Leaks from 

the ponds contnbuted radionuchdes, metals, mtrates, acids, and bases to the ground water and 

sod 

OU5 - Woman Creek Drainage 

OU5 consists of potentially contammated surface water, stream sedments, and soil m the 

Woman Creek dramage Radionuchdes, metals, and mtrates from OU1 and OU2 may have 

migrated into OU5 There are several types of IHSSs lncludmg an old landfill, ash pits, and 

retention ponds 

OU6 - Walnut Creek Drainage 

As with OU5, the surface water, sod, and stream sedments m the Walnut Creek dramage may 

contam elevated levels of radionuchdes, metals, and mtrates IHSSs mclude a sludge Qspersal 

area, retention ponds, an old outfall, trenches, and spray fields 

OU7 - Present Landf‘ii 

The sod and ground water m thls area may contam vanous contammants such as VOCs and 

metals The landfilll is stlll bemg used, and only nonhazardous samtary sohd waste currently is 

disposed m it 

OUS - 700 Area 

OU8 consists of 38 IHSSs, that were the sites of numerous spds dumg early process 

operations The sod may be contammated with VOCs and other orgmcs, ra&onuchdes, metals, 

mtrates, acids, bases, and solvents 
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OU9 - OriPinal Process Waste Lines 

Sods at OU9 may have been affected by lealung pipes or tanks that were used for transportmg 

vmous types of process wastes Possible contammants mclude mtrates, acids, caustics, and 

radionuchdes 

OUlO - Other Outside Closures 

OUlO consists of a vanety of RCRA closure sites hazardous waste storage fachties, tanks, and 

areas where leaks occurred 

OUll - West Sprav Field 

From 1982 to 1985, the West Spray Field was spray mgated with water from solar evaporahon 

ponds that contamed elevated levels of mtrates and other wastes 'Rus practce may have 

contammated the ground water and the vadose zone 

OUP2 - 400/800 Area 

Coolmg tower ponds, chemicals from fiberglass operations, leaks, and spds may have 

contammated the sod m ths area with VOCs and other orgmcs, metals, and acids 

OU13 - 100 Area 

OU13 compnses chemical storage areas, an underground tank, waste destruction areas, a valve 

vault, and locations where mmor leaks or spas occurred VOCs and other orgamcs, depleted 

uranium, metals, acids and caustics may have been released to sods from these IHSSs 

1 
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OU14 - Radioactive Sites 

"Radioactive sites" refers to storage areas for radioactive sods removed from the vicmity of 

radiological operations buildmgs 

OU15 - Inside Building Closures 

OU15 includes structures w i t h  buddrngs where hazardous matenals were stored or processed 

OU16 - Low-Prioritv Sites 

ms OU covers miscellaneous leak and waste treatment sites that are considered the least hkely 

to cause health or environmental problems The sods at these sites may have been contaminated 

by orgatucs, solvents, and tuckel carbonyl 

Background Gtochanrcal Chanctenzatlon Plan 
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COHEN PROCEDURE 

A technique for calculation of the mean and standard deviation of a data set conmning 

nondetected data (censored data) was developed by Cohen (1961) and can be used if the data are 

normally distnbuted Where data are lognormally distnbuted, the Cohen procedure can be 

applied to calculate (mean of the lognormally transformed data) and S, (standard deviahon of 

the lognormally transformed data) pnor to the calculation of the Sitchel mean, Finney vanance, 

and tolerance limits 

Let 

The Cohen procedure is as follows (Doctor, Gilbert, and Klnnison, 1986) 

n = the total number of observations for a consbtuent, 
k 
X O  = the detection limit of the constituent 

= number of actual measurements out of n (not NDs), and 

Then 

Compare h = (n-k)/n (the proportion of measurements below the detection 
limit), 

Compute xu = (Sum of x, for 1 = 1 to k)/k, 

Compute s2,, = (Sum of x, - xJ2 for i = 1 to k)/k, 

Compute t = s2,/(x, - x,)’, 

Obtam an esQmate of A from Table B-1 using h and t , 

Estimate the mean and vmance of the population from which the censored 
data set was drawn by computing 

x = xu - A (xu - xo) 

and s = [s’, = A (x, - x,)’]”’ 

This procedure is restricted to data sets with less than 50% nondetects 

Background Gcocbermcal Charactcru;lllcm Plan 
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Trend Testing 

A Mann-Kendall nonparametnc test may be used to determine if  there is a decreasing or 

increasing trend in the quarterly at monthly data The test requires at least 2 years of data If 

the test is significant at the 0 01 level, i e , a trend is present, then a control chart will be 

inappropnate for the well A control chart assumes random vanabons about a constant mean 

A trend in constituent concentrations in a downgradient well may indicate a release from a 
si te/uni t 

The Mann-Kendall test requires that the data be adjusted to remove any temporal cycles that may 

be present This is performed by subtractmg from the quarterly constituent concentration the 

quarterly average concentration and adding back the grand average as follows (Doctor, Gilbert, 

and Kinnison, 1986) 

'IJ = '1, - @I - 
Where 

Z, = adjusted observahon for the ith quarter of the j t h  year 

X, = unadjusted observation for the ith quarter of thejth year 

XI = anthmetx mean for quarter 1 over the histoncal record 

and 

X = mthmetic mean of the 4n observations 

n 4 

Note that computing X,J - XI removes the average effect of quarter 1 from the data, and that 

adding X places all the adjusted values Z, about the same mean, namely X 

The next step is to list the adjusted observabons in the order they were collected over time, Z1, 

G , &, where Z, is the observaoon for quarter 1, or month i Then all n(n-1)/2 possible 

differences 2, - &-, where j > k are computed, and the sign of each difference determined 

Background Geoehanrcal Charactembon Pian 
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These differences are Z, - Z,, Z3 - Z, > z, - Zl, 2 3  - &!, 2 4  - 2 3  9 Z, - Zn-2, zn - z11 
A convenient way of visualizing the calculations is given in the following table 

DIFFERENCES IN DATA VALUES NEEDED 

TO TEST FOR TREND 

I 
FOR COMPUTING THE MANN-KENDALL STATISTIC S 

Observations Listed in Time Order 

2, z, 2 3  z, me. z,, z, 
q-z, zyz, z,-z, 0.. z,,-z, Zn-Z1 

z,-z, z,-z, 0.0 z,,-z, Zn-& 

Z,-S e.* Z.,-& zn-23 

No of No of 
+ Signs - Signs 

Zn-Zn. I 
S =  Sum of + Signs + Sum of - Signs 

Let sgn (2, - 2,J be an indicator function that takes on the values 1, 0, or -1  according to the 

sign of Z, - &, as follows I 

I 
sgn (Z, - Z,) = 1 if z, - z, > 0 

- - 0 if 2, - 2, = 0 

- - -1  if z, - z, < 0 

The statistic 

which is the number of positwe differences minus the number of negative differences is then 

computed These positwe and negahve differences are easily obbned from the last two columns 

of the previous table If S is a large positive number, this means that measurements taken later 

in hme tend to be larger than those taken earlier Similarly, if S is a large negabve number, 

measurements taken later in time tend to be smaller If n is large, it is impractical to compute 

S by hand and a computer code is required 

I 
I 
1 

‘ I  I 
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The test procedure is to first compute S as descnbed above Then the vanance of S is found 

using the following equation that takes into account the possibility that ties may be present, i e , 
that two or more quarterly observations may be equal in value 

where g is the number of tied groups and tp is the number of data in the pth tied group For 

example, in the sequence of quarterly observations 23, 24, 6, 24, 24, 23, g=2,  where tl =2 for 

the t~ed value 23 and t2=3 for the tied value 24 

Then S and VAR(S) are used to compute the test statistic Z as follows 

z = (S - l)/[VAR(S)]1/2 if S > 0 

- - 0  1fS = o  
= (S + l)/[VAR(S)]1’2 if S < 0 

The 1 added to S is a correction factor that makes the standard normal tables more exact for 

testing the hypothesis H, of no trend This correction is not necessary if there are 10 or more 

data for each quarter ( n , 2  10) 

A positive (negative) value of Z indicates an upward (downward) trend If the null hypothesis 

H, of no trend is true, the statistx 2 has a standard normal distribution Some commonly used 

cntical values from the standard normal tables for evaluating whether the test statistic 2 is 

significantly large are presented by Snedecor and Cochran (1967) To test for either upward or 

downward trends (a two-tatled test) at the specified (a) level of significance (probability of a 

false positive), H, is rejected if the absolute value of Z is greater than Zd3, where G2 is 
obtatned from Snedecor and Cochran (1967) or more extensive tables of the standard normal 

distnbution given in most statistical methods books If the alternative hypothesis is for an 

upward trend (a one-mled test), H, is rejected if 2 is greater than Z, H, is rejected in favor 

of the alternative hypothesis of a downward trend if Z is negative and the absolute value of Z 

is greater than 2, 
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I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I '  
I I 

If n S 40 and there are not tied observations, the Mann-Kendall test can be computed using the 

tables of the exact distnbution of the Mann-Kendall statistic given in Table A-21 on pages 384- 

393 of Hollander and Wolfe (1973) 

The Sen nonparametnc procedure (Doctor, Gilbert, and Kinnison, 1986) may be used to estmate 

the magnitude of the trend for stations shown to have significant trends by the Mann-Kendall 

test 
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